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tn acquiring a knowlt'dy*? of dectronics, or in the Applica- 
tion of such knowtedtfCj once it in at^ijuirod, certain ftmount 
of matht?malics is indispensable. The topics tiovered here have 
been selected as some of the most cBsential and will j^rovide 
a good basic foundation in electronic math. 

Scientific notation (powers of ten) greatly reduces the num- 
ber of digits required in dcalintj with very large or very small 
quantities. The text shows how to uae powers of ten to add, 
aubtract, multiply, divide, square^ and extract square roots. 

The working principles of baaic algebra are useful when- 
ever it is necessary to find some unknown quantity in terms 
of known quantities. Only the simplest operations are covered, 
including negative numbers, terminology, combining terms, 
factoringj and simple equations. 

Ohm's law T3 probably the most important and moat used law 
in electronics. The three basic forms and their application to 
senes circuits, parallel ciriiuits, and combinations of these two 

circuit types are given. 

The circuit elements, resistance, capatilance, and inriuc- 
tance, each receive a separate chapter for their study. This 
includes definitions* series and parallel combinations, reaL- 
tance fnrmulaa, charire and energy, and time constants. 

In electronics, many phenomena are associated with the use 
of altematins current with certain eompanenta. Reactance, 
both inductive and capacitive, varies as the frequency of ap- 
plied AC varies- This is shown by the reactance formulas- In 
addition, there are such properties as phase relationships, rms 
and peak values of voltage and current, real and apparent 
power, power factor, and series and parallel resonance. These 
are all given the detailed attention their importance warrants, 
and wDrke<3 examples show how formulas are used to solve far 

their numerical valuea. 

The reader who understands and masters the math pre- 
sented here wilt be able to handle a majority of the math 
problems associated with general electronics applications. 
If further specialized study is needed, he will have u good 
foundation on which to build - 

Alan Andrews 
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CHAPm 1 



SCIENTIFIC NOTATION 



In electronics, numbers in the millions are often used, as 
well aa numbers of leas than one — on down to a millionth or 
less. The complete numbers^ eKpressed in basic units, can be 
carried straight through an entire problem. But we waste time 
by doing so, and greatly increase the chance of error. As an 
example, suppose we had to take 10 megohms times 50 pico- 
farads, to find the time constant of a circuit. The problem 
would resd ; 

10.000.000 >^ 0.00000000005 = 0.00050000000 

X-Dok at all the zeros we have to write, thus increasing the 
possibility of making mistakef^. 

In this chapter we will show you a method of abbreviation 
called "engineer's shorthand," "scientific notation." or more 
simply> "powers of ten." The last title most aptly describes the 
process, because all numbers are expressed as powers of ten. 
This mean* any number can be expressed as a number between 
1 and 10, multiplied by 10 raised to some power. For example: 



628 
2.000 
3,000.000 
0.005 



6.28 >: 10=^ 
2 X 10' 

5 X 30-' 



The power of 10 is the exponent; it tells how many times 
10 is used aa a factor in multiplying. For example 10- indi- 
cates 10 X 10, or 10 used twice; 10' is 10 ' 10 x 10. or 10 
used three times, etc. Following is a partial iiat of the powers 
of ten which occur most often. 



1 n^l — 1 
lU — 1 


1ft-" - ft 1 




^ ft ftT 

tV — v-Ul 


1(F = 100 


10-' = 0.001 


10^ = 1,000 


10 = 0.0001 


10* = 10,000 


10-^ = 0,00001 


I0-'= 100,000 


10-"^ = 0.000001 


10^= l.OOOpOOO 





The neg-iitive powers of 10 — 10"-', 10'", eti^.—may require 
some explanation. AetuaJlyT it is difficult to imapin*^ 10 being 
used minua 2 time.^ a** a factor. In fact, anything leaa than 
zero has little practical meaning. But we can sboxv that 10 to 
a negative power has a reflUriumber meaiting. There is a rule 
that states that the numerator and denommator of a fraction 
can be multiplied or divided by the same number without 
changing the value of the fraction. Let's use 10"' and multiply 
by 10'. 



10-' 10' 



10' 10 ""^ 



For the present we will assume that any number to the 
zero power baa a value of I- In the next chapter we wiJI show 
why this ia true. Usinfj the same method as above we can 
show the value of lO"-'. 



10-2 10- 10" 



10^ 10- 10^ 



^0-01 



100 

in converting numbers 



There are two rules we can apply 
to powers of 10. 

Rule i. For a number larger than 1. move Ihe decimal 
point to the lefl until a number between 1 and 10 resull?^- 
Then t^ount the number of places the decimal was moved- 
and use thai number as a positive power of 10. 
Thus; 

732.000 = 7.32 x 10^ 

In this example the decimal point was moved ^ve places 
to the left to make the number 7,32. To compensate for the 
change, 7.32 was multiplied by 10'' to make the two quantities 
equal 



Rule 2. For a number smaller than 1, move the decimal 
point to the right until a number between I and 10 results. 
Then count the number of places the decimal was moved and 
use that number as a negative power of 10. 
Thus: 

0.00732 = 7.32 X 10"^ 

In this example the decimal point was moved three places 
to the right, again resulting in 7,32. To compensate for the 
change, 7.32 was multiplied by 10-^ to make the two quantities 
equal. 

We reverse the process by performing opposite actions. 
For example: 

2.4 X 10^ = 2.400. 

The decimal point was moved to the rifcht the number of 
places indicated by the power of 10. An example of a number 
less than 1: 

3.24 X 10"-' = 0.0324. 

Here the decimal was moved to the left two places, as indi- 
cated by the power of 10. We could summarize these actions 
by saying: A number larger than 1 has a positive power of 10. 
A number smaller than I has a negative power of 10^ The 
number 1 itself has a ^ero power of 10 because 10" = 1. 10' is 
uHually written as 10. the power of 1 being understood. It is 
necessary, however, to include the minus siffn in 10"'. 

In the examples thus far> we have converted each number 
to a value between 1 and 10 and then used the proper power 
of 10- For some problems it may suit our purpose to express 
a number in a slightly modified form; the next examples show 
several ways of expressing 254. 



2,54 X 10^ 
26.4 X 10 



2B4 X 10" 
0.254 X lO-'^ 



0.0254 X 10* 
2.540 X 10-^ 



ADDITION AND SUBTRACTION 

To add or subtract numbers expressed as powers of 10, we 
must first convert all numbers to the same power of 10- Then 
the numbers can be added (or subtracted) and the same power 



retamed in the answer. This is illustrated by the next two 
problems : 



142 X 10 = ? 



1. 4.32 X 10* + 6,68 x 10' 

4.32 X 10^ = 4-320 x 10* 
6,68 y lO'' = 0.668 x 10» 
142 X 10 = 0,142 X 10* 
5.130 X 10* 

2. 2.88 X 10* - 0.65 X la"" = ? 

2.88 X 10* = 2-880 x 10* 
0.65 X Iff* = -0.065 X 10* 
2-S15 X 10* 

Or we could have solved the second problem like this; 

28.80 X 10^ 
-0.65 X IQ'' 
28-15 X 10^ 

which is the same answer obtarned in the first solution- 



MULTIPLICATION 

To obtain the product of numbers expressed as powers of 
10. multiply Iht numbei-s together and then add the expo- 
nentii of the lO's. For example: 

4200 X 300 

= 4.2 X 10^ X 3 X 10^ 
= 4.2 X 3 X 10^ X 10^ 
= ]2.e X 10^' 

In this example both powers of 10 were positive and so were 
added. The same rule also holds true when all exponents are 
negative, as in the nest problem: 

0.036 •< 0.002 
= 3.6 X 10-=^ X 2 X 10-5 
= 3,6x2x 10-= X 10-=^ 
= 7.2 X 10-^ 

If the exponents have different signs, the smaller exponent 
is subtracted from the larger and the sign of the larger i^^ 
retained- This ia illustrated in the next two problems: 



360 X 0.5 
= 3,6 X 10- X 5 y 10-^ 
= 3-6 X B X 10= X 10"» 
= 18 X 10 = 180 

7500 X 0,0004 
= 7,5 X la-" X 4 X I0-* 
= 7.6 X 4 X 10^ X 10-' 
= 30 X 10-' = 3.0 

Multiplication of more than two numbers would be handled 
in the same way, as illustrated by the next example; 

650 >: 2300 >; 0.0002 

= 6.B X 10- X 2.3 X lO'^ X 2 X lO'* 
= 6.5 X 2.3 X 2 X 10- X 10* i< 10"* 
= 29-9 X 10 = 299 

DIVISION 

To divide numbers involving powers of 10, divide the num- 
bers and then subtract the exponent of the divisor from the 
exponent of ihe number being divided. Thus: 

(64 X 10-^) -r (4 X lOM 
_ 64 >^ 10^ 
4 X 10' 

64 X lO'' X 10-=^ 



= 16 X 10- = 1600 

Notice that when the lO's are divided, the 10 in the divisor 
can be moved to the numerator by changing the sign af the 
exponent. 

420,000 _ 4. 2 X 10^ 

aTO 271 X 10= 
_ 4.2 X 10"' X IQ-J 

2,1 

= 2-0 K 10-^ = 2000. 

Both multiplication and division may bo found in the same 
electronics problemw. They can be combined and solved as 
follows : 



620 X 0 ,0036 _ 5.2 k 10- x 3.6 X 10-^' 
2600 " ~2S X 10^ 

_ 5^ X 3.6 X W X 10-^ X 10'^ 

2.6 

= 7.2 X 10-^ = 0.00072 



RECIPROCAIS 

To take the nciprtii-ai of a number means to divide that 
number into 1. For example the reciprocal of 250 i^ 1/250. 
An easy way of taking reciprocals with powers of 10 is to 
fltiite the number with the decimal point just precedmfc the 
first significant difi:i£. Then, after the number is divided into 1, 
the decimal will appear after the first digit. The power of 10 
in the answer is the same as in the original problem but has 
the opposite sign- Two examples are given, using these rules 
in the solutions: 



250 .25 X 10" 
1 1 



= 4 - 10-^ = .004 



0,002 .2 X 10-= 



^=5 K 10^ = 500 



SQUARES AND SQUARE ROOTS 

When sciuaring a number slated as a power of 10. multiply 
the number by itself and then double the exponent of Ihe 10. 

(6 X 10^)-' = 36 ' 10' 
(2.5 X 10=^)^= 6,25 X 10« 
(4 X 10-')2= 16 X 10-- 

The opposite is done when taking the square root of a num- 
ber. But first the number should be arranged so that the power 
of 10 13 an even number, either positive or negiitive. The stjuure 
root of the number is taken, and the power of 10 is then di- 
vided by 2. 

\ /62-9 X 10=^ = V K29"y 10* = 2.3x10- 
VG.4 X iO-^ = \/64 xlO-* = a X 10-^ 
\/l44 X 10= - 12 X lO'^ 
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UNITS OF MEASUREMENT 

For effective exchange of information in any technical fieid, 
we must have units by which we can measure and express 
various quantities- This is especially true in electronicH be- 
cause so many separate components and circuit character- 
istics enter into the over-all operation or description of any 
particular piece of equipment. Especially in the mathematical 
study of electronics, these units and their uses should be well 
understood. 



Ohm's Law 

The units used in Ohm's law probably occur more frequently 
than any others. So let's define these first. 

Volt — The volt is the basic unit of electromotive force, or 
electrical pressure. One volt is the force necessary to cause a 
current of one ampere to flow through a resistance of one ohm. 

Atfiperf. — The ampere is the practical unit for measuring 
current. One ampere is the amount of electron flow that re- 
sults when one volt is applied across a resistjmce of one ohm. 
(Actually, the ampere is a rate of flow rather than a quantity, 
and the number of amperes can be deflned as the number of 
coulombs passing a given point each second.) 

Cofdomb — The coulomb is the unit for measuring the quan- 
tity of electricity, or charge. Numericallyf one coulomb is a 
charge of 6,24 x 10'^ electrons, and is the amount delivered 
by a current of one ampere in one second. Coulombs are used 
to measure the quantity of flow, and amperes the rate of flow, 
of electrons through a circuit. Coulombs are also used to ex- 
press the quantity of charge on a capacitor. 

Ohfn — The ohm {Q) is the basic unit of resistance or oppo- 
sition to electron flow. One ohm is the amount of resistance 
which will allow a current flow of one ampere when one volt 
is applied across it, 

Miut — The mkti (ohm spelled backwards) is the unit of 
conductance, or the ease with which electrons can flow in a 
circuit. The numbers of mhos ia the reciprocal of the circuit 
resistance. The symbol for conductance is G or g. 



U 



Power and Enargy 

The capacity or ability to da work is cnlled energy- The rate 
at which the work is done is called power. For enerjcy, the 
practical unit of measurement is the watt-hour. For power, 
the practical unit is the watt. 

Watt — The practical unit of power. One watt la the dissi- 
pation which occurs when one ampere of current is passing 
through a resistance of one ohm. One watt is also the aame 
as one joule per 3econd- 

Jotde — The joule is a unit of enerjry- One joule is the amount 
of energy (or work) required in maintflinlng^ a current of one 
ampere for one second through a resistance of one ohm. It is 
aJso equivalent to one watt-second^ — 3,600 joules (watt-sec- 
onds) equal one watt-hour- 

Watt-Hour — The watt-hour is the practical unit of elec- 
trical energy- The number of watt-hours is calculated by mul- 
tiplying the number of watts times the hours during which 
that amount of power is being dissipated. One watt-hour is 
equal to 3,600 joules. 

Horsepojuer — The horsepower is a practical unit of power. 
One horsepower (hp) is equal to 746 watts. 



Reactive Units 

Cycle — An alternating current goes through one complete 
cycle when it increases from zero to maximum, decreases to 
zero, increases to maximum in the reverse direction, then de- 
creases to zero afjain. The number of cycles of AC which occur 
in one second of time is called the frpqupnoy. and the basic 
unit of frequency is the hertz (cycle per second). 

Henry — The basic unit of inductance is the henry. One henry 
is the amount of inductance that will result in an electromotive 
force of one volt being generated by a change in current rate 
of one ampere per second- (As voltage is applied to a coil, it 
opposes the increase of current by generating a counter volt- 
age which is opposite in polarity to the applied voltage.) 

FaTiid- — 'The basic unit of capacitance is the farad, although 
it is too large to be a practical unit. One farad is the amount 
of capacitance that will exhibit a potential of one volt across 
it when it is charged for one second by one ampere of current 



flow, A farad can also be defined aa the amount of capacitance 
which will produce a current of one ampere when a change of 
one volt per second occurs across it- 

Unitf of Length 

Various units of length are used in electronics to express 
wavelength, antenna length, and other physical characteristics 
of components and devices. Two different systems are used, — 
the English and the metric — and the electronics technician 
shouEd be familiar with the primary units of both. Following 
is a list of length relationships which occur most frequently 
in basic electronics calculations: 



1 mil 
12 inches 
3 feet 

1.760 yards 
5,230 feet 



0,001 inch 
1 foot 
1 yard 

I mile (statute) 
1 mile (statute) 



1 centimeter 
1 meter 
1 meter 
1 kilometer 



.3937 inch 
3.28 feet 
39,37 inches 
3,280 feet 



For measuring extremely short wavelengths, other units 
are used. One of these, the ■nUcri>ii, is equal to 10~^ centimeter. 
The TiLillmicrort is 0,001 of a micron, or 10^" centimeter. 
Another similar unit is the Angstrom unit, which is equal to 
10"" centimeter. 



Prefixes 

Expression of electronics quantities often involves extremely 
large or small numbers. We have already seen the number of 
electrons in a coulomb (6.24 x 18^''). Capacitance in a circuit 
may be as small as 5 J< 10-i= farad. Other qiiantities of com- 
parable numbers are often used. To express these numbers 
as powers of ten simplifies the writing, as well as the calcu- 
lations involving them. But prefixes are also used (prefixes 
are portions of words used before the names of the units), 
each separate prefix indicating a certain power of 10. For in- 
stance centi indicates 0.01(10--); therefore, a mi^imeter is 
0.01 of a meter. Kilo means 1,000 (lO'^J ; so a frT^ometer is 
1,000 meters. . 

Following is a list of prefixes used most frequently in ex- 
pressing electronics measurements. Each represents a certain 



power of 10 (either poaitive or negative) as indicated. Each 
prefix also has a symbol which is often used to represent it: 



deka (da) - 10" 
hekto (h) = 10^ 
kilo (k) = 10= 
mega (M) = 10" 

giga fG) = 10^' 
tera (T) = 10'- 



deci (d) = 10-' 
centi <c) = 10-' 
milii (m) = iQ-fl 
micro 1*-) = 10~" 
nano (n) = 10-" 
pico (p) = 10-*- 
or 

mlcromicro {u.u) 



Examples of the use of prefixes in eiectroiiic notation, and 
their numerical eciuivalents. are illuftrated next: 

1 microfarad = 1 ■; 10 farad = 0.000,001 farad 
3 kilohert^ = 3 >; 10^" herta = 3,000 hertz 

5 picofarads = 5 x lO-^^ farad ^ .000,000,000.006 farad 

2 nanoseconds - 2 x 10-° second = ,000,000,002 second 

Sometimea confusion may arise in using M for me^go. and 
tn for miUi. Unless completely understood, it may be advis- 
able to write out the prefix and unit — for example^ megahertz 
or milliampere. Another source of confusion is the use of m for 
micro. In thin case< when denoting capacity, common usage 
has determined it to mean rnit^ro. By the same token, when 
used with amperes it is understofid to mean mill}. 

In some calculations it ia necessary to convert from one 

prefix to another. This involves moving the decimal point a 
certain number of places. Figure 1-1 is useful for this purpose. 
Notice that the calibration ia reversed from our usual method 
of counting- The numbers are progressively smaller as we 
move toward the right. For instance, to convert 0-05 pF to pF. 
we start at micro (10' ") and move to pico (10' '^), a move of 
six places to the right — to a smaller unit. The decimal point, 
therefore, would be moved six places to the right, so that 



= 2 ^ 

z s s 



I 
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Figirrfl t-1. Rc-Lative vg^utt ot muUipFe and lubmulHpra prafiRH, 



1< 



0.05 ftF would become oO.OOO pF. When a qitantitif is expressed 
in smaller units, the rmaibei- of these units becomes greater. 

Usinff the chart, convert 3,000 kHz to MH^i as follows : Mov- 
ing from kilo to mega, move 3 units to the left. Hence, 3,000 
kHz becomes 3 MHz (after the decimal point has been moved 
to the left). Without the chart, the conversions are made by 
using powers of 10. For example, 3,0£)0 kHz ^a 3,000 x 10-'^ Hz, 
Since a megacycle is 10"^ we can change the 10^' to 10", but the 
decimal point muat be moved three plates to the left (to com- 
pensate for the changed power of 101 . To change 0,05 ^F to pF, 
we change the power of 10 from 10"" to the smaller 10-'-. 
To compensate, the 0.05 is changed to 50,000. a larger number. 

In a few cases a combination of preiixea may be used. Kilo- 
megahertz (10^) 13 used in connection with super high fre- 
quencies. 



V I 



4 « 



- 1- 



IT 



CHAPTER 2 



BASIC ALGEBRA 



In a flenae, algebra can be considered na arithmetic ex- 
pressed on a general rather than specific basis. For example. 
2 amps multiplied by 3 ohms equals 6 volts. This is Ohm's law 
expressed in terms of those specific values, [f we say that 
E = I X R, we are using an algebraic expression to give the 
relationship of voitase, current, and resistance for all values. 
Electronics formulas are algebraic expressions showing how 
some value varies with respect to others- Thus, our prime 
concern in studying^ algebra is to be able to manipulate these 
formulas in such a way that we can solve for any circuit 
characteristic. 

Algebra is different from arithmetic in two ways. First, 
algebra can include negative numbers, a concept usually not 
considered in arithmetic. Second, algebra makes use of literal 
nuTnbers (letters) in place of actual numerical values, al- 
though numbers can alflo be used. The use of literal numbers 
limits what can be done in a given problem; hence most alffe- 
braic expressions are more involved than their arithmetical 
counterparts. We can say that 2 plus 3 equaJs 5, combining the 
separate numbers. But we cannot combine a and b unless we 
know the specific value of each. 



NEGATIVE NUMBERS 

In arithmetic we normally uae zero to indicate a complete 
lack of whatever we are numbering. If we have zero dollars, 
we have no dollars. And, in a practical sense, it is diflicuft 
to imagine having less than zero of anything. But if we con- 
sider zero as merely a reference point on a number scale, we 
can go in either direction from that reference. Voltage meas- 
urements illustrate our point. If we call chassis ground zero 
volts, we can have either a positive or a negative potential 
with respect to that reference, A reading of —10 volts does 



not indicate 'less than nothing"; it only indicates that the 
potential is 10 \-olts negative with respect to whatever we are 
calling zero. 

Temperature measurements also illustrate thift point : a read- 
ing of zero or below does not mean there is no temperature. 
The measurements are taken with respect to what has been 
arbitrarily set up as aero on the temperature scale, and nega- 
tive readings are opposite in direction from positive readings. 
Thus, the use of positive and negative numbers gives us a 
mathematical means of expressing direction as well as quan- 
tity in our electronics calculations. We have already used pogi- 
tive and negative voltatces as one example. Phasing in AC 
circuits, and measurement of sound levels, also make use of 
these ideas- 

Direction is iJIustrated by Figure 2-1, which is a numbered 
scale extending from zero in both directions. On the scale, +2 
and -2 are both separated from zero by the same amount, but 
in different directions. However, +2 and -2 are ■! units apart 
on the number scale. The absi'lute value of a number is its 



I I \ \ 



I I I f + 



-> -t -I '? -I 1^ <l .? -i '4 -5 

Figure 2-1. Seal* ihowlnfl both the pmMiYt and the Kgatfve directiaii troin 

value, neglecting the sign; both -i 2 and -2 have absolute 
values of 2. 

In algebra, a negative number is noted by placing a nega- 
tive sign in front of the number: for example -2, -3a, -4k^ 
etc. In combining numbersn the signs must be considered part 
of the operation, as evidenced by the four examples listed 
below: 



4-f 3 
4-3 
3-4 
■S"4 



7 
1 

-1 

"7 



The positive sign indicates that the quantity ls added; the 
negative sign, that it must be subtracted. When numbers are 
added the result is called the num. When subtraction is per- 
formed the result is the difference. 



i 



We also use other signs of operation- If we wish to indicate 
that a and b are multiplied tofiether. it can be shnwn aa a x b, 
a'h, or simply ah — all three methods aignifying multipli- 
cation. When negative numbers are invofved, parentheses are 
used to show multiplication, (— 3J (-2) for example. Other- 
wise thii* might be read as -3-2, or —5- In expressing arith- 
metic numbers, all of these methods are vaKd except one. 
The symhofa 2 x 3, 2 ■ 3, (2)(3J would all express multipli- 
cation of 2 times 3, but 23 would be read as twenty-three. 
With literal numbers, though, the latter method is all right, 
as with ab. Similarly 2^ is usually considered to be 2 + 
rather than 2 times ^. The result obtained when numbers are 
multiplied is called the product. 

Dividing n by & can be shown by a ^ b or a b, the latter 
being used almost exclusively in algebraic operations. Thus in 
these examples. 



a 2 2x^ 
b' 3' 5 ' 



a' 



the numerator is divided by the denominator- Multiplication 
and division are inverse processes, if we multiply a number 
by 3 and then divide the result by 3, we obtain the original 
number. Multipljing a number by ^ is the same as dividin^r 
by 3, 30 that a/3 Js the same as a x ^. The result of dividing 
one expression by another is called the qMoti^nt. 

Zero can be added, subtracted, or multiplied. But we cannot 
divide by zero because the answer would have no meaning. 
We can divide into zero; as an example, 0/3 is still zero. 
Any number multiplied by zero produces a product of zero. 

TERMINOLOGY 

Arithmetic uses only constanta — that ie, numbers which 
have specific, unchanging values. For example, 5 always has 
a value of 5. Algebra uses constants, but it also uses varirxbles. 
Consider the formula for inductive reactance, Xf_ = 2irfL- 2^ 
has the same value (6,28) in every problem, so it is a constant. 
But / and L may be assigned any values, which makes the 
value of Xs. dependent upon them. These are variables because 
their values vary from problem to problem, in any jpven in- 
stance, however, each variable will have a specific value. 
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An algebraic expresBion is a mathematical statement in- 
cluding both literal and arithmetic numbers grouped accord- 
ing to algebraic standards. Some examples are: 

x + y,2a-b, xy, -^ti/b and i- + y-. 

A term is a number, or the product or quotient of several 
numbers. Examples are 3a, b, ^y, a/5, etc. In the expression 
3o + b, there are two terms. 2a and b \ and in uny expression 
of two or more terms, each term is separated from its adjacent 
terms by either a plus or minus sign. 

Terms which contain the same letters are called like terms 
or similar tervui (for example, 2a and —3a, j-- and 2:e", 2ab 
and 3rt6, etc.). Unlike, ter^ti^s have different literal numbers; 
2a and 36 are unlike terms. An expression containing only one 
term is called a monomial- A two-term expression is a hiiiomifLt. 
and one including three terms is a tHnomiai The word voiy- 
noMtal is often used to describe an expression which contains 
two or more terms. 

An algebraic term consists of several parts — namely the 
base, the coe.ffieient, and the exponent. In the term 3j''-. j is 
the base, 3 is the coefficient, and 2 is the exponent. The 
indicates that ,r is used as a factor twice, or r times x. 
The coefficient tells us how ma7iy of these 7-- terms we have. 
Actually, 3 is the coefficient of J-'-, and ar- is the coefficient of 3, 
But popular usage describes the number as the coefficieni^ 
3 in this case. 

Whenever the number in front of the letter is omitted, the 
coefficient is assumed to be 1. The term actually means Ij, 
and ab means lab. Similarly, omission of the exponent also 
indicates 1, The term a actually means la\ the ones being 
implied- 

Coefficients, bases, and exponents can be either literal or 
arithmetic numbers. In a^ all three components are literal. 
In only the base is literal. The term base sometimes indi- 
cates the combination of base and exponent, hut this should 
cause no difficult;'. 

When numbers are multiplied together to give a product, 
each of the numbers is called a factor. In 2 x 3 x 4 = 24, 
the 2, 3. and 4 are factors and the product is 24- Similarly a, 
b, and f are factors of ttftc, and each factor can be considered 
the coefficient of all the other factors. 



COMBINING TERMS 

Addition oitd SubtrocHon 

Algebraic terms can be added or subtracted as long as 
their bases {including the exponents) are the same. For in- 
stance, 2a + 3tt = 5o, Here the numerical coefficients are com- 
bined. The base remams the same, the reason for which can 
be seen from a simple aiiaJogy. If we add 2 tubes and 3 tubes, 
the sum is 5 tubes. Similarly, adding o'fl in the first exampie 
produces the result of 5n. 

In combining terms the signs must be conaldered, as indi- 
cated by the following exBmples: 

h 5t - 2j- = 3j- 

2. -2A-3A--5A 

3. Zy^ - ly^ = 

4. Sb-' -t- 2b'^ = Sb'^ 

5. -ab + 2ah — ab 

When the ai^s are alike, add the niunerical quantities and 
affix the aame sign. When the signs are different, subtract 
the smaller number from the larger and use the sign of the 
larger, as in examples 1, 3, and 6 above- 
Terms with unlike bases (or exponents) cannot be combined 
algebraically. For example: 

3o + 2& = Sa h 2b 

2a^b + 3ab^ = 2a% + Zab^ 

An analogy of this would be the attempt to add 3 resistors 
and 2 capacitors. The combined result is still 3 resistors and 
2 capacitors. 

Using the same rules, expressions involving more than two 
like terms can be combined. Add all the positive terms to- 
gether, and then all the negatives. Finally, combine by the 
rules given previously. A3 an example: 

4a — 2a 4- fl — 3fl — a = +5o — 60 = — a 

If two or more bases are involved, the terma with like bases 
are combined as previously shown. The combined reault con- 



tains as many terms as there are different bases, unless a 
coefficient turns out to be zero. An example of this type is: 

— 26 — 2a + 3ft — 4c ^ —a -J- b — 4c 



MuitjpJicotion and Division 

When multiplying algebraic terma, the sign, coefficient, and 
exponent of the various terms must all be considered. The pro- 
duct of two terms having like 3igna> either positive or negative, 
is always positive. 

3 X 4 - -fl2: (-2)(-3) = +6 

Parentheses are used in the latter example in order not to 
confuse the problem with -2 -3, an addition problem. When 
the multiphed terms have unlike signs the product is always 
negative. 

(2) (-3) = -6, and <-4)(3) = -12 

The exponent of a product is the svni of all exponents of 
the factors having; like bases: 

or • ' a ' b = a^b* 

The coefficient of the product la the value of all separate 
coefficients multiplied together, as in the following examples: 

(a) (3a) =3o.^ 
(2a) (3b) = 6a5 

Notice that all coefficients are multiplied, even when the 
separate factors have unlike bases. 

In raising a number to a power, the coefficient is raised to 
that power and the exponents are multiplied by the order of 
the power: 



Taking the root of an expression involves the opposite op- 
eration from raising a number to a power. Take the indicated 
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root of the coelticienl; then divide the exponent by the order 
of the root. This U iUufltrated m the next four examples: 



3a"-2ah-\-b- by a-b, the problem would be aet down in this 
manner: 



y/2x^ = lAUx 



= 2/- 

^-2W = -3a 



When multiplied by an expression having two or more terms, 
a monomial ia multiplied by each of the other terms separately 



as in: 



and : 



-3a(a^ -(- 26 - 4c) = -^a?' -bah + l2oc 

If the monomial factor ia positive, the signs of the terms in 
the product will be the same as tho^^e within the parentheses. 
If the monomial is negative, as in the second examplef then 
all sifins change. Placing parentheses around the binomial 
indicates that the entire quantity within the parentheses 
multiplied by the monomial. For example. 2o(3ra-4bJ — 
6<i--Sa/)- Bat 2a-Za-4b = 6a-'-46. Using the parentheses 
changes the problem in such cases. 

A binomial can be multiplied by another binomial in any 
of several ways. Two are illustrated, both multiplying (2a-h-5) 
and (3n-ab), The first method has the entire problem set up 
on thti same line, and the separate multiplications are all made 
as indicated below. Then the like terms are combined, in this 
case -^ab and +Zab: 



(2o + 6j_^a--26) 

Or we can solve the problem in much the &ame way aa in 
arithmetical multiplication : 

2a + b 
Za,-2b 



Sa' -f- 3a6 

- 4ab - 2b-^ 

ea'-ab- 2b' 

The latter method is probably easier for expressions in- 
volving more than two terms. For instance, multiplying 
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a-b 



Za^-2a^b+a.b^ 
-^a-b+2 a b^-b^ 



Notice that all terms in the trinomial are first mnUiplied by a, 
giving Sa'-2fi-b+ab-. Then each of the three terms is multi- 
plied by — i), the terms with like bases being placed under those 
in the first step. Finally the two are added. 

In some electronics eciuations a binomial quantity must be 
squared by one of the methods just illustrated. However, a 
special formula that can be applied to squaring a binomial is 
expressed as follows: 

There are three terms in the product. The first is equal to 
the stjuare of the first term of the binomial. The second term 
is tjoice the product of the two original terms, and the third 
term ia the square of the second term of the binomial- The 
numerical coefficients follow the same rules. For example: 

(2jf+?/)2 = 4j'^-h4j-?/+r" 

Dividing algebraic expressions also involves the signs, ex- 
ponents, and coefficients, and they must all be considered in 
order to arrive at the correct quotient As to signs, the same 
rules apply as for multiplication. When the numbers to be di- 
vided have [ike signs, the quotient is positive. Wben the signs 
are opposite, the quotient is negative ; 



a 



= -2 



6 



-3 



- -2 



-6 

-3 



- +2 



The exponent of the quotient is obtained by subtractiTig 
the exponent of the divisor from the exponent of the number 
being divided, assuming like bases. This is shown in the fol- 
lowing: 



IB 



= r-2 



Notice that a negative or zero exponent can appear in a 
quotient- A term having a jief/ative exponent is equal to the 
reciprocal of that term with a positive exponent of the same 
numerical value: 



This can be verified by multiplyinfi- numerator and denomi- 
nator by the same term with a positive exponent, as follows: 
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1 ■ iC" 



mm 



—a 



x" 



Any number, arithmetical or literal, raised to the -tero 
power has a numerical value of 1. This can be shown by 
Hsauming that any quantity divided by the same quantity has 
a value of 1 : 



= l(F-« = 10" = l 



Thus we can assume that any expression raised to the zero 
power is equal to 1, 

The numerical coefficient of a quotient is found by dividing 
the numerical coefficient in the numerator by the one in the 
denominator. 



6^ 
2a 



= 3a 



2x 



-12a _ 4a 



Division involving polynomials can be performed by long 
divlaion just as in arithmetic. Each part of the problem must 



2« 



be arranged so that its terms are in ascending or deacendins 
powers of Bome literal number. An example follows: 

2a:--ZfLbi-Eb" 



Sah'-^-b^ 



-55'' is the remainder. 



2a- 1. As in regu- 



a (of the expression a + 2b) will divide into 2fl* (of the ex- 

lar long division, this answer is placed over the term 2a^ and 
the divisor a-\-2b is multiphed by it. This equals aa^+4ab^ 
which is placed under the first two terms and subtracted from 
them. a-b—^tL-b equals — 3a-6. Bring:ing down the third term in 
the expression drives —3a-b—3ah'-. a can be divided into {—Sa'^b}, 
-Zab times. The result is placed at the top as part of the 
answer and is muftlplied by a-t-2b. This gives — 3a-^"6a^>^ 
which is pinced under like terms and subtracted. — 3a^j'— 
{-Cab'-^) equals +3afi-. Bringing down the laat term we now 
have 3ab--hb'K a divided into the first term of this expression 
equals 35-'. This is placed with the answer an the final terra 
and multiplied by a-\-2b to give Sab--!-6b\ Placing under like 
terms and subtracting, we have a remainder of -5^?^, 

If the two expressions are exactly divisible, there will be 
no remainder, as shown in the next problem: 



a-i-b 



a^-ab 
-fab 

+ab "6- 



Notice that there 3a no term containing ab in the dividend, so 
a nero is substitutiid. Therefore, when .subtracting, change the 
sign of the subtrahend and add. Changing —ab to +ab and 
adding it to 0 is equal to +ab. 
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FACTORING 

In some instances it is desirable to breji.k do-wn a niathemati- 
cfli expression into its various fundamental elements- — that is, 
to obtam the basic element.^ whicb, when multiplied together, 
give the original expression. This is calle<l facturivg- As an 
example, the number 75 can be factored into 5>i5>^3, the lowest 
whole numbers (omitting 1) whicb will give a product of 75 
when multiplied- Other examples are: 

4B = 2x2x2x2x3 
210 = 2x3x6x7 
102 = 2 X 3 >: 17 

Numerous factoring forms are used for algebraic quan- 
tities, but we will consider only the one used to [tny extent 
in basic electronics formulas. This method is referred to as 
removing a monomial factor. An example is given here: 

ac -f nh = a{c -f b) 

A factor can be removed from the expression only if it ap- 
pears as a factor in each term, o6 + oc + bd is not factorable, 
since no one factor appears in all three terms. Numbers can 
also be factored if they are factors of each term, such aa the 
following : 

2jry 2xz = 2i(y + z) 
3a-b - Ga'c = 3o-^{b-2c) 

This form of factoring will be used to a limited extent in 
some of the calculations in later chapters. Each factoring 

problem can be checked by multiplication. Ln the first exnmplen 
multiplying out 2x(y-i-z), gives a product of 2xy-i-2x:£. the orig- 
inal quantity. 



EQUATIONS 

An equation is a mHlhematical statement that two expres- 
sions are equal to each other. 3+2 = 5 is an equation, but not 
of the type we have in mind. Electronics equations (often 
called formulas) are stated En tenn^ of literal and arithmetical 
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numbers giving the relationahipis between them. ^ = /i? is an 
equation ; so is X,, - 2,rfL. Most of the time we are interested 
in solving the equation^ — that is, finding the values of the lit- 
eral numbers which make the equation hold true. 

In the formula, Xt, = 2irfL, if we are given the values of 
frequejicy and inductance, we can multiply them together, and 
then multiply by 2w to obtain the value of X,^ (inductive re- 
actance). Suppose, however, that frequency and inductive re- 
actance are given and we must solve for inductance. Then the 
equation must be solved for L. 

A large portion of practical mathematics consists of work- 
ing with equations in order to solve for one of the component 
parts of the equation. The ideas illustrated here will be neces- 
sary tools in moat of the remaining chapters. In this chapter 
we are using simple literal numbers such as a. j:, etc., but in 
actual electronics equations, literal factors often use subscripts 
(as if], R,. etc.) to distinguish between various components. 
Subscripts are numbers or letters written under and slightly to 
the right of the symbol. They play no mathematical part in the 
solution of the equation, as do exponents, but are used solely 
for identification- Even though the literal parts may be iden- 
tical (ffr and R/ for example), they are not like terms- 
There is one basic rule in working with equations — you must 
do nothing to desti'oy the equality existiiig between the two 
sides. Simply stated, whatever is done to one side of an equa- 
tion must also be done lo the other side. Consider the equation 
3j"— 3 = -r+l. There is only one value of x which will make 
this statement true. Solving the equation consists of deter- 
mining this vniue mathematically- In order to do this we must 
isolate r on one side of the equation and the numerical value 
on the other. Our manipulations are of several types, but we 
must always do the same to both sides of the equation. We can 
perform virtually any mathematical operation except dividing 
by zero — which is never possible anyway. 
Let's solve the equation previously given: 

If we subtract jr from both aides we obtain: 



3j:— S—x = jr+l— I 



Collecting terms : 
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2ar-3 = l 

Then we add 3 to both aides and again collect terms: 

Dividing both sides by 2, we obtain': 

T =2 

This should be the solution for our equation, but let's check it 
by substituting 2 for x in the original : 



3x-3 

6-3 
3 



x+1 
2+1 
3 
3 



Since the two sides are equal, our solution must be correct. 
This is the general idea for solving almost any type of equa- 
tion, except that additional stepi^ sometimes must be included 
in the process. Keep in mind that nothing should be done which 
will disturb the equality of the equation. We can add a quan- 
tity to or subtract it from both aides. We can multiply or 
divide both sides by some quantity. We can raise both sides 
to some power, or take a root of both sides. Always remem- 
ber, the same operation must be performed on both sides. 



Literal Equations 

Most electronics formulas contain more than one unknown. 
These are often called literal eqttaiions, and they may or may 
not contain constant terms. The X,_ formula and Ohm's law 
previously given are examples of literal equations. In solving 
this type the rules already given are followed. Instead of a 
definite numerical answer, however, the solution also contains 
literal terms or factors. Let's solve one tn see what we mean. 
Solve for x in this problem : 



Add b to both aides: 



ax - b = c 



ax- b -\- b = c-\- b 
cn; = c + b 



i - 
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Divide both sides by 



a 



X — 



a 



Literal equations, tn which the wanted factor appears in 
more than one term, pose an additional problem not encoun- 
tered previously in this chapter. Let's try one to illustrate the 
poinl, solving for a; 

ac — bc = ad 

Collect all the terms containing a on one side by subtracting 
ad and adding be to both sides: 

ac — be — ad + be = ad — ad + be 
ac — ad = bc 

Then we factor a out of the left side: 

a{c—d} = be 

Next we divide both sides of the equation by {c-d)t the coef- 
ficient of a: 

a{c—d) _ be 



a = 



c-d 
be 



c-d 



Fractional Equations 

In generalf whenever an equation contains one or more frac- 
tions, the solution is simplified if we rid the equation of the 
fractions. The following equation illustrates the procedure: 

- |-l = 2r + 4 

To eliminate the denominator, multiply both aides of the 
equation by 3, making sure to multiply every term: 
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- 3 = 6^ + 12 



J - 3 = 6ar + 12 



Collecting terms; 



-5i = 15 



Multiplying: both sides by —1, we obtain: 

Then dividing by 5 we get the solution: 

a: = -3 

This answer can be proven as shown: 

Substituting -3 for i in | -1 23:+4 



-3 



-l = 2<'3)+4 



-1 -1 = -6 + 4 

-2 = -2 

If several denommators occur in the aame equation, it is 
uaually advisable to find the least common denominator (LCD) 
and use it for the entire equation. From that point the solu- 
tion follows the same pattern aa in the previous equation. 
Let's try one of this type : 

The LCD of 2 and 3 is e. So the entire equation is set over 
a denominator of 6: 

3ar -f- 18 2jr - 12 



If both sides are then multiplied by 6. the problem is no 
longer fractional, but can be expressed in straight-line form : 



Col!ecting terms: 



3i + 18 - 2j - 12 



-30 



+ 3 = 



2 

-15 + 3 
-12 



5-2 

-10-2 
-12 



Equotions With Radicals 

Mnny calculations in electronics include either the square or 
square root of one or more qusntiticK, For example, power 
equals the square (jf the current multiplied by the resistance 
(P = I-R). In this equation we must express the wanted factor 
with an exponent of 1. For example; 

2ir- = 50 

If we divide both sides by 2 the result is: 

= 25 

Taking the square root of both sides we find : 

Actually^ is either plus or minus 5. because either one 
squared gives a product of 25, In practical problems, however, 
the negative may have no practical meaning. Hence we use 
the positive value, which is known as the prtncival rooL 

The following equation has a square root in the original 
problem : 



3/? = 6 

If we are to solve for then we must eliminate the radicah 
This is done by squaring both sides; 



Or: 



3i? = 36 
^ 12 



Which is proven as follows : 
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chapteh 3 



OHM'S LAW 



In alf probability, the formulft uaed moat often in electronics 
calculations Ohm's law, which expresses the relationship of 
voltflffe. currentj and resistance in electrical circuits. It can 
be expressed in any of the three forms shown below: 

E = fR 

T ^ 

Al! three of these circuit characteristics are expressed in 
basic units — voit^, amperes, and ohms. 

SERIES CIRCUITS 

Ohm's law holds true for the entire circuit or for individual 
portions of a circuit. Let's refer to Figure 3-1, to illustrate this- 




Figun 3-1- Sorlci-cDnnacNid 
mbTancn iHuitrotJng Ohm'i' 
low caiculariona. 



The total resistance in the circuit is 18 + 6. or 24 ohms. Circuit 
current ia: 

24 

= 0.5 ampere 
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Multiplyin^T current by resistance gives voltage, as shown 

in the next calculation : 

E = IR 
= 0,5 y. 24 
- 12 volts 

If we calculate the voltage drop across each resistor, their 
sum should equal the applied voltage. In the diagram, E, is 
the voltage drop across R„ and E, is the drop across R,. 
Therefore : 



and: 



1 xRj 
0,S X 18 
9 volts 

I^R, 
0,5 X 6 
3 volts 

9 + 3 
12 volts 



PARALLEL CIRCUITS 

Ohm's taw also holds for parallel circuits like that of Figure 
Z--2. The total resistance in the circuit is: 

p , R; ^ R. 

- 

36 + 12 

_ 432 
48 

= 9 ohms 



tFating OJimVlaw calculatiani. 
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/, is the current through B, and is tJae current through E, : 

B 

R, 
36 
36 

1 ampere 
E_ 
R» 

36 
12 

3 amperes 

1 + 3 
= 4 amperes 

We can check this by multiplying the total current and totfil 
resistance, the latter being 9 ohms: 

= 4x9 
= 36 volts 

Several basic facts can help ua in Ohm's-law calculations: 

1. In a series circuit, the current is the same through all 
parts of the circuit. The individual voltage drops add 
up to the apphed voltage. 

2. In a parallel circuit, the voltage is the same across all 
components. The current through the individual compo- 
nents may be different, but the sum of these currents 
equals the total. 

3. Current in a circuit is directly proportional to the ap- 
plied voltage, and inversely proportional to the resist- 
ance. As circuit resistance is increased, the current is 
is decreased and vice versa. 

4. The voltage drop across an individual circuit component 
is directly proportional to both current and resistance. 
As either or both are increased, the voltage drop also 
increases and vice versa. 



SERIES-PARALLEL CIRCUITS 

Circuits where both parallel and series resistances are pres- 
ent are a little more complicated, but the sanie basic method 
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13 used for solution. Let's put these ideas to use in solving 
several problems. 

1. Solve for the applied voltage {E) of the combination 
circuit shown in Figure 3-3- 



FiqutfB 3*3. Serin-po'DUal mliFDncfi 
combmalLon ^Uutfrafing Ohm's-law 



-Wh- 
40 



fl3 



Ey remembering that the voltage drops across parallel re- 
sistors are the same, we can solve for total circuit current. 
The voltage across is: 

= 3 V 2 

- 6 volts 

The current through is found by dividing resistance into 
the voltage drop : 

_6 
3 

— 2 amperes 

The current through R^ 5 amps, being the total of It 

and /j. Voltage across R^ is: 

En^ =It>^Rt 

' = 5x4 
= 20 volts 

The applied voltage* then, is the sum of the two separate 
voltages : 

=^ 6 + 20 
= 26 volts 
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2- With 200 volts applied, the current through a resistor 
IS 2 amperes. What is the current if the resiatence is doubled? 

As long as current and resistance are inversely proportional, 
we could set up a formula where /, is the original current 
and /( the final current. The original resistance (R,> , by Ohm's 
law* ia 100 ohms : 

hR, = I,R, 



2 >: 100 



200 
^ 1 ampere 

We could also reason out the answer by assuming that when 
the resistance is doubled, the current is halved. Therefore the 
current drops from 2 amps to 1 amp. 

3, How ia the current of a circuit affected if the voltage is 
doubled and the resistance halved? By reasoning the problem 
in two separate steps, we find that the current is quadrupled. 
If the voltage is doubled, the current is also doubled. Then 
halving the resistance doubles the current again- 

As we shall see in later chapters, Ohm's law can also be 
used for calculations in circuits containing AC as well as DC. 
For AC, however, inductance and capacitance may enter into 
our problem, Ohm's law will stilT apply, however, since it 
states the basic relationships between voltage, current, and 
circuit opposition to electron flow. 

In the last chapter, conductance was detemined by G = A, 
One form of Ohm's law states : 

R = 



E 



so, 



therefore 



1_ / 



«4 
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POWER 

The power in a circuit is measured in watts and can be cal- 
culated from three different formulaa, all based on Ohm'a law. 
The first of these is: 



where, 

P is the power in watts, 
E is the voltage in voltSj 
I is the current in amperes. 

By making Ohm'a^law substitutions, we can obtain the other 

two forms: 



Substituting /i? for E: 



Or aubatituting for /: 



P = EX 



E 



The formula for solving a given problem depends on what 
was given originally in the problem. For example, if current 
and resistance were given, then P - I-R is the logical formula 
to use. These formulas can be used for calculating the power 
in an entire circuit or in individual components. Several prob- 
lems will illustrate how. 

]. In the circuit of Figure S-1 the total power dissipated can 
be calculated from any one of the three formulas. Voltage is 
12 volts, resistance 24 ohms, and current 0.5 ampere. 

P,^Ey^I 
= 12 X 0.6 
- 6 watts 

Or: 
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- 0.5- X 24 
= 0.25 X 24 

- 6 watts 



Or: 



R 
IE* 



- 6 watts 



Power dissipated by Ri is: 



Pj^I'^ R, 
= 0.5- y 18 
= 4.5 w&tts 



And in fi^: 

= /= X ^, 
= 1,5 watts 

The total power is the sum of the two individual powers, 
4.5 + 1.5 = 6 watta, 

2. What IS the total power dissipation in a circuit (Figure 
3'4A) composed of a 50-ohm, lO-watt resistor connected in 
series with a lOO-ohtn, 10-watt resiatorj if the latter is diaai- 
paling 10 watts? 

The 10-watt ratings mean that each resistor can safely dis- 
sipate 10 watts and presumably no more. But don't jump to 
concJusions — the answer is not 20 watts. As lone as the re- 
sistors are in series, the current through them is the same. 
The power dissipation is directly proportional to the resist- 
ance: so if the lOO-ohm resistor is disaipatina: 10 watts, the 
50-ohm resistor will be dissipating 5 watts, for & total of 
15 watts. This is the maximum, above which the lOO-ohm re- 
sistor will burn out. If both resistors had the same resistance 
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fi^uie 3-4. Circulh illuit'atmg totol powflr dittipalion. 

and the same wattage ratings, then the power would be added 
directly, resulting in 20 watts in this problem. 

Connecting the two resistors in parallel (Figure 3-4B) pro- 
dues the same total power dissipation, 15 watts, as when they 
are in aeries. In parallel, however, the 50-ohm unit will dissi- 
pate twice the power of the lOO-ohm resistor. The reason is 
that twice as much current will flow through the 50-ohm unit 
as flows through the lOO-ohm unit. 

3- A iOO-ohm resistor is carrying 50 rpA of current. What 
minimum power rating should it have? 

P=I^R 
= (0-05)^ X 100 
= 0.0025 X 100 
- 0.25 watt 

4. A 200-ohm resistor is dissipating 12 watts. What is the 
voltage across the resistor? 



R 



E 



PR 

'PR 



= V12 X 200 

= V^400 
= 49 volts. 

5. What is the effect on power di^ipation if the current 
in a circuit is doubled? 
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Since P = PR, doubling the current increases the powei' 
by the square of Z. or 4. So the power dissipation is quad- 
rupled. 

Power ia the rate at which energy is dissipated in a circuit, 
the basic unit being the watt Energy involves power and the 
time whiie this power is being used. Its practical unit ia the 
watt-hour or kilowatt-hour (kWh). 

Energy = Watta x Hours 

As an e^cjimple, a receiver is rated at 120 volt.s and 1 ampere. 
How much energy ia used if the receiver ia played 12 hours? 

P = EXI 
= 120 X 1 
= 120 watts 



therefore, 



or 



Energy = 120 watts x 12 hours 



- 1,440 watt-hours, or 1.44 kWh 



CHAPTER 4 



RESISTANCE 



Resistance is the opposition to the flow of current in an 
electrical circuit- The baaic unit of measurement ia the ohm. 
One ohm is the amount of resistance which allows a current 
of one ampere to flow when one volt is applied. In a con- 
ductor, the resistance ia directly proportional to the length 
and inversely proportional to the square of the diameter. 

Resistance of a length of wire can be determined by the 
formula : 



KL 



where, 

Kiss, constant which ia the resistance of a mil-foot of wire. 

A mil-foot jH a section of wire having a diameter of 1 mil 

f-OOl inch) and a lenjrth of 1 foot, 
L ia the lenRth of wire in feet, 
d- is the diameter fin mils) squared. 

For copper, the resistance of a mil-foot is 10.4 ohms. Other 

materials have vaiues which vary inversely with the conduc- 
tivity of the material- (See Table 4^L) Thickness of a wire 

Tablv 4'1. Resistivity Cofistant of Different Metals 
Dt a Temp«rDture of Appro Kimoteiy 6&° F- 
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is often expressed in tenns of its drcuIar-miJ area, which is 
determined by sguarinR the diameter (expressed in mils)- 

Suppose B. copper conductor is 12 feet in lenftth and has a 
diameter of 5 mils. What is its resistance and circular-mil 



area? 



KL 10.4 X 12 124.8 



- 4,99 ohms 



5^ 25 
Circular-mil area = 5- = 25 circular mils 

Another lentrth of wire has a resistance of 100 ohma. If the 
length and diameter are both doubled, what is the new resist- 
ance ? 

For problems of this type the formula beiow can be used: 

Not knowing the len^h and diameter we can assume any 
values and the result will be the same. Let's assume them 
to he I. Therefore: 



100 

lis 

100 



1x2 ^ 

4 
2 



Rs 

4fi, = 200 
Rm — 50 ohma 

If both diameters are the same, the formula reduces to: 

^J. = ^ 

H both lenfitha are the same, the formula can be written as: 

- - . Ri_dr 

SERIES RESISTORS 

Resistors connected in series are added directly. Thin can 
be expressed as: 

where, 

Rf is the total resistance in ohma, 

Ru Rr. and R, are the individual resistances in ohms. 
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As an example, suppose that resistances of 27, 47, and 100 
ohms are connected in series, as shown in Figure 4-1, The total 
resistance will be: 

JS, = 27 + 47 -M0O 
= 174 ohms 



PARALLEL RESISTORS 

When two or more resistors are connected in parallelr the 
total resistance is less than the smallest resistor of the group. 
If all the parallel resistors have the same value, the total can 
be found by: 

where, 

Ri is the total resistance in ohms. 
R is the reaistance of one resistor in ohms, 
N is the number of equal- value resistors connected in par- 
allel 



Fig J If 4-2r Finding iha lotaf 




As shown i\i Fij^ure 4-2, four resistors, each 100 ohms, are 
connected in parallel. The total reaistance is: 

= 35 ohms 

When two reaistox-s (whatever their value) are connected in 
parallel, the total resistance can be calculated by the "proiiucU 
over-the-aum" method, as shown next: 
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Figure 4-3. Finding the loral ra- 
■IttBnfv vf twc unequal reiiitcn 
in pDiollel. 



Figure 4-3 illustrates an example where a 20-ohm and a 60- 
ohm reaifttor are connected in parallel. The total rearatance is; 



20 X 6Q 

-J ... 20 + 60 

_ 1,200 
SO 

= 15 ohrti3 

Another arrangement of this formula works this way: 
Divide the smaller resistance into the larger, add 1 to the 
anflwer^ and divide the larger resistance by the result. Ex- 
pressed as a formula it becomes: 



R, = R, , _ (where J?j is larger thoTi ffr) 

Reworking the same problem, 20 (J?.) can be divided into 
60 (R,) 3 times. Adding 1 gives A. Dividing 4 into 60 gives 
a resultant resistance of 15 ohms, the same as obtained before. 

The reciprocal formula works for two or more resistors in 
parallel, and is stated as follows: 

R. R, R, R, - • 

where, 

R, is the total resistance in ohma, 

Ri. R,, and Rj are the parallel resistances !n ahms- 
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Hence, 2, 4, and 6-ohm resistances connected in parallel 
(Figure 4-4) would be calculated like this: 



1 
1 

R. 



S-f 3-[-3 



12 



n 

12 
12 



R, = Yj-t*^ 1-09 ohms 

In some problems the total resistance and one of the indi- 
vidua! resistance values may be jriven, and we must solve for 
the other. As illustrated in Figure 4-5, the total resistance of 
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two units connected in parallel is S ohms. One of the resist- 
ances is 24 ohms- What is the other? First we must transpose 
our basic formula^ assuming R, to be the unknown: 



R,Rr 



R, ^ R^ 
R,R, ■i-RiRi = Rj R, 

R, R, -R.R,^ -R, R, 
R, (R.-R,) = -R,R, 

J. _ -IhR, _ 



R,n, 



R, - R, R, - R, 
^ 24 X S 192 ^ 
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The FCC examinations very often contain a problem like 
this : Draw a schematic diagram ahowinfl how to connect three 
equal reaiatora to give a total which ia 1^ times the reaistance 
of one. This would be drawn aa shown in Figure 4-6. Subatitute 
a value for R and see if it works out. Once you understand the 
principles of series and parallel resistances, many auch prob- 




Figure 4*6. A circulr iwi wliith dIL le- 
tiitan of oqual value and ika ln- 
ta\ mittanCB I limn th« *a\ur 



lems can be aolved by simple reasoning-. In this case, you know 
that placing all three resiatorn in aeries would result in a total 
resistance three times the value of one. Placing them in par- 
allel would result In a total resistance less than the value of 
any one. Obvioualy, then> at leaflt one of the three equal re- 
aiators must be series-connected; the additional one-half value 
then means the two remaining^ resistors are in parallel. 

CONDUCTANCE 

Conductance is the ability of a material to carry current- 
It can be thought of as being inversely proportional to re- 
sistance- As resistance decreases, more current can be carried. 
We aay the conductance is increased. If resistance were in- 
creased, the conductance would decrease. The basic unit of 
conductance is the mho, which is the conductance that exists 
with fl resistance of 1 ohm. (Mho is ahm spelled backward!) 
Conductance may be calculated by: 



With the conductance given, the resistance can be found by: 

A circuit having a conductance of 2 mhos has a resistance 
of 0.5 ohm: 

ff = i = i = 0.5ohm 

Notice that whenever the resistance is larger than 1 ohm, 
the conductance will be smaller than 1 mho. Conversely, if 
the resistance ia smaller than 1 ohm, the conductance will be 
larger than 1 mho. 



where, 

G 15 the conductance in mhos, 
R sa the resistance in ohma, 

A circuit having a resistance of 20 ohins has a conductance 
of 0-05 mho: 
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CHAPTER S 



AC AND AC CIRCUITS 



Most commercial electricity is AC (altertiatinK current). 
So are the HiEnais which occur most often in electronica. 
Alternating current is ao named becau.se it alternately flows 
in first one direction, and then reverses and flows in the other 
direction, Thia is caused by the vollago alterualmB: between a 
positive and a nefiative polarity at a definite rate. The basic 
AC waveform is the sine wave shown in Figure 5-1, All other 
AC waveforms are composed of sina wave^ of various fre- 
quencies and amplitudes adiied together. The term ^int.' ivarc 
was adopted because in the generation of a complete cycle, the 
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Ftgufc S-i. One cycte at a tine 
currOnl Or volln^fl. 
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inalantaneous amplitude at any time is equal to the maximum 
amplitude multiplied by the sine of the angle through which 
the ijeneratiny conductor has moved iJuring that period. By 
plotting a graph of the sine values at a number of different 
angles* a sine wave is formed. The complete sine wave is a 
cycle, eaoh half beiny called an alternation. 

The amplitude of a sine wave varies continuously, the mag- 
nitude at any instant of time being known as the instantane- 
ous value. The peak value is the maximum reached at any 
point during a complete cycle. With a sine wave, this maxi- 
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mum is reached at 90' and again at 270 '. each having oppo- 
site polarity from the other. The mathematical relationship 
between the peak and the instantaneous values of voltage can 
be found Iw; ^ 

O is the insi^feneous amplitude in volts. 
E„, is the niaximum amplitude in volts. 
B is the angle at which instantaneous voltftge is being 
calculated. 

Several examples are given, and these can be verified by 
reference to Figure 5-1. Using a maximum value of 100 volts: 



At 0% fi = 100 X sin 0° 
At30°, c= 100 >f sin 30^ 
100 X ain 45" 
100 X sin 60° 
At 90°, fi=100xgin 90^ 



At 45', e 
At G0% e 



100 X 0 
100 X 0.5 
100 X 0.707 
100 X 0.S66 
100 X 1 



0 volts 
50 volta 
70,7 volta 
86-6 volts 
100 volta 



These values are repeated during the remainder of the first 
alternation, but in reverse order. Then the same values occur 
during the second alternation, hut with opposite polarity- 
The same relationship exists for current, as given by the next 
formula: 

i = /„ X ain d 

where, 

i is the instantaneous current in amperes, 
is the maximum current in amperes, 
& is the angle at which instantaneous current ia being cal- 
culated. 

Because of the nature of inductance and capacitance^ there 
may often be a phase difference between the voltage and the 
current in AC circuits. That ra, the voTlage and current maxi- 
mums may not occur at the same instant, as they do in com- 
pletely resistive circuits, A large number of the calculations 
found in later chapters are concerned with the problems of 
phase and changing values of AC waveforms. 



AVERAGE VALUES 

In some calculations we are interested in the average value 
of an AC waveform. Actually, the average amplitude of a 
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complete cycle Is zero, because the amplitudes in the positive 
direction equal those in the negative direction- For a aing-le 
alternation, however* the average amplitude is equal to 0-637 
of the peak (maximum). This could be shown by Hdding a 
large number of in.ttanta neons values, equally spaced across 
the half -cycle, and then dividing by the number of values used. 
As a formula : 

E^., = 0.637 K E„ 

where, 

E^r is the average amplitude of one alternation in volts, 
is the mayimum amplitude in volts- 

Average current of one alternation can be obtained in the 
same way — by multiplying the maximum by 0,637, It should 
be stressed that this relationship holds true only for sine 
waves. Any other waveform will have a different averai^e 
value. One example is a square wave; here the average and 
peak values are the same. 
•- 

EFFECTIVE VALUES 

With DC, the amplitudes of the voltaj^e and current remain 
constant, and a certain current (say, 1 ampere) gives a cer- 
tain heatiuK effect. An AC wave with a peak current of 1 am- 
pere, will not produce as much heating as DC, because in AC 
the amplitude is leas thj^n the peak most of the time. The ef- 
fective value of AC is the equivalent DC value which produces 
the same heating effect. The effective value can be calculated 
by taking the square root of the average of all instantaneous 
values squared- Average is also referred to as mean, so the 
effective value is also called the root- mean -square (rms) value. 
The rms value for a sine wave can be found by: 

= 0,707 X B\ 

where, 

E^. ia the rms or effective voltage, 

E^ is the maximum amplitude in volts. 

Effective current is found in the same way — by multiplying 
the maximum current by O.707, Afcain it should be stressed 
that this relationship holds true for a sine wave only, not for 
any other waveshape. 

S2 



So for sine-wave calculations we have three different volt- 
age or current values which may be of interest to us — peak, 
average, and rms. In some instances the peak-to-peak voltage 
also may be indicated. Numerically, this is the over-all change 
of voltage or current from maximum to maximum,— it ia equal 
to twice the peak value. 

Table 5-1 gives the relationships between the various values, 
which can be used in converting from one to another. 



Tcihte 5-1. Sine Wave Value Conversions 
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AC CIRCUITS 

With purely resistive circuits the use of alternating current 
poses problems no different from those when DC is used. All 
the Ohm's-iaw relationships hold, just as for DC. a3 well as 
the various formulas for determining power. However, in 
many cases, the R in the various formulas must be replaced 
by Xj,, Xr. or impedance (Z), the latter representing the com- 
bined resistance and reactance in a circuit. In order to make 
the various values comparable to DC. the rms values of the 
AC is expressed unless otherwise indicated. Thus jf we say 
the line voltage is 115, we are implying the rma value. Simi- 
larly, AC power of 100 watts is understood to have been calcu- 
lated from the rms values of voltage and current. 

Whenever inductance or capacitance, or both, are used in 
an AC circuit the relationships assumed for DC are not quite 
true. The reason is the phase difference between current and 
voltage. For purely resistive AC circuits, even this causes no 
problem since thp current and voltage are in pnase (See Fitfure 
5-2A). In an inductance the current Itigs the voltage by 90'' 
(Figure 5-2B) ; for capacitance the current leads the voltage 
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a: 




(A) PvTily rwative circuit. 





|0) FitTeiy indiielive f^ircitU. 




iC) PiTfly capacitive eircuit- 
Flgurv 5-2. Phau rvlotionihip bttwa*ii ciitpani unit voltoBv- 

by 90" (Fi^iTure B-2C). This can be remembered by thiiikmsr of 
the bHHTc propertips of L and C. Since an inductor opposes a 
(ihana:e of current, the current does not reach raajitmum until 
after the voltage — hence the lagt'i"^B actioo of the current. 
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Since a capacitor opposes a change of voltage, the current 
maximum precedes the voltage — hence the leading cuirent in 
a capadtive circuit. 

When resistance and reactance are both contained in a cEr- 
cuit. the phase angle is between 0° and 90*, The exart angie 
depends on the relative values of resistance and reactance. 
Because of this phaae difference, resistance and reactance 
cannot be added directly in a series or parallel circuit. Rather 
we must add these quantities vectoHally <at different angles) 
and use the results in our OhmVlaw calculations- 



SERIES CIRCUITS 

Tn any series circuit the current is the same in any part of 
the circuit — whether AC or DC, resistive or reactive. This 
fact gives us our starting point for calculations involving the 
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[A) Reaistance and {B) Reaietajiee and 

inductive Teoctanee' fapacitivt Tcacianoe^ 

Rgiirv $-3. RaaeNyv ci'ciiiH. 

RL and RC circuits of Figure 5-3- For absolute values of cir- 
cuit characteristics, both circuits are treated alike- The only 
difference is that in Figure 5-3A the current lags the applied 
voltage by the phase angle 8. For Figure 5-3B the current leads 
the voltage. So the formulas to be given apply equally to 
either circuit, except that we will expreafi the formulas in 
terms of the inductive circuit of Figure &-3A. To apply them 
for the capacitive circuit of Figure S-3B. simply insert X^. into 
the formulas in place of Xi, each time it appears : 

X E 
0 — arc tan — arc tan 

K fin 



as 



where, - ^ ■ - .. . ,^ . 

Z is the impednnce in ohms. 

R m the resistance in ohma, 

Xt. is the inductive reactance in ohms, 

is the applied voltage in valta, 
/ is the circiiit current in amperes, 
Er is the voltage acrouH the resistance in volta. 
Ei^ is the voltage across the inductance in volts, 
S is the phase angJe in degrees. 





{Ai Itiipcdanct triafffti^- (B) VfHspe iriangit'. 

Figur* S-'A. TriongJei uhJ hir lolving cartain AC problemi. 

These formulas can be referred to the impedance and volt- 
age triangles given in Figures 5-4A and B, which apply only 
to series circuits. Notice that Xt and R are drawn 90° out of 
phase, with 8 representing the angle between the applied 
voltage E^ end the current Impedance Z ia the hypotenuse 
of the triangle. The current is not labeled^ but can he assumed 
to be on the same line with R and E,, Also the voltages across 
R and X,. are drawn 90'^ out of phase, with being the 
hypotenuse of the triangle. Impedance is always larger than 
either R or Xj,, and applied voltage ia always larger than 
either E, or Ei.. Let's try some problems, to see how these 
calculations would be used. 

In an RL series circuit, A is 4 ohms, Xl is 3 ohma, and the 
applied voltage is tO volta. Find the impedance, current, phase 
ajigle, E.. and E,^. 

Z = + ^t' = + 3= = v^- Sohma 

by Ohm's law^ 

E 10 

/ - -^ = — -2. amperes 

e^arctan^ = arc tan|= S6.9= 

£:, = /Kff = 2x4 = 8 volts 
Ej,^/xXl = 2x3 = 6 volts 

As a check, let's solve for f^^, using E. and E,/. 

E^ = y/E7T^=yJ^TW= Vl0O= 10 volta 



\ 
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Bear in mind that what we have worked out for the RL 
circuit also holds for an RC circuit with the same values 
(except that A'r is 3 ohms, instead of X,_). Even the phase 
angle is the same, except the current is tagging by Se-S"^ in 
the RL circuit, but leading by the same angle for the RG 
network. 

All these formulas can be transposed to solve specific prob- 
lems, a few of which are given next: 

1. In a series RC circuit, /? is 5 ohms and the impedance 
is 9 ohms. Solve for X^ : 



Z'' = R^ + X;^ ' ' 

X;- = Z-^-R^ 

Xr = \^^^^ = \/9^ - = \^ = 7.48 ohms 

2, Applied voltage is 36 and E, is 20 volts. Solve for El in 
this aeries RL circuit: 



E. = ^/E.^^E,r- I . , 

e:' = e;-' + 

Ez.^ = E/ - e;^ 

E,_ = y/E--' ~ E;^ = V36- 20-' = = 29-93 voits 

3, Tn a series RC circuit* the phase angle is 30° and X^ ia 
10 ohms. What is the resistance? 



6 = arc tan 



X. 



takinflr the tangent of both sides : 

tan 30' = ^ 



10 



-6774 



= 17.32 ohma 



So far we have considered RL and RC series circuits, but 
not those containing R, L, and C, as shown in Figure 5-5. 
Actually the addition of the extra component does not make 
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too much difference in our calculations, except that the effec- 
tive reactance in the circuit is the differe^ice hetween and 
Xs. Using this, the impedance of the circuit is : 



Or, if is larger than Xl, then : 



R 



Fiqure 5-5. Ci'cuit cantaJn^ng Hrlei' 

tonnOCted rBtillDnC^r inductDnc^i 
and capacifdncB. 



Similarly, the other formulas are baaed on the difference 
between the two reactances : 



And: 



6 = arc tan 



R 



When 5s larger than Xi_, the reactive parts of the formulas 
are interchan^d: 

Suppose that in a series RCL circuit, R = 5n, = 811, and 
Xt = 6n. What is the impedance? 

z^y/^TTxT^xJ^ 

= v"5^ + (8 - 6)^ 

= ^25 4- 4 - 5.39 ohms 

To And the phase angle, 



$ = arc tan 



R 



= arc tan g= 21,8° 

The inducUve reactance is larger than the capacitive reac- 
tance. Hence the total circuit acta inductively and the current 
la^fs the applied voltage. 

If 20 volt8 in applied to the above circuit the current will be: 
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20 
B.39 



= 3.71 amperes 
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= 3.71 X 5 = 18.65 volts 

fit ^ / X 

= 3.71 X 8=^ 29-68 volts 

= / X X^ 

= 3.71 V 6 =^ 22.26 volts 

Notice that El and E.. are both larger than the applied voltage. 
But since they are ISO" out of phase, the total reactive voltage 
is 2D-68 minus 22.26, or 7.42 voJta. By adding Er of 1S.55 volts 
and of 7.42 volts vectorially, we should obtain the apphed 
voltage : 

E, - v^TT"e7 



E.= 



V^55^ + 7.42^ 
= V''344.1 + 55"^ 
= \/^99rrG = 19.98 volts 

There is a difference of 0.02 volt because various calcu- 
lations in the total problem have been rounded off. 

If you must solve a series RCL circuit for X,. or A%, there 
may be two possible answers. As an example, suppose the 
impedance of a series circuit is 10 ohms, resistance ia 8 ohms, 
and capacitive reactance is 10 ohms. Solve for inductive re- 
actance. In the solution we will use the symbol -V to indicate 
the difference between the reactances: 



X = y/Z^ - R' = \nO- - 8- 
= \/100 - 64 = = 6 

The total reactance is 6 ohms, and as X,. is 10 ohms, then 
Xl could be either 4 ohms or 16 ohms, producing a capacitive 
circuit in the first eJtample and an inductive circuit in the 
second. In some problems, one value of reactance may turn 
out to be negative. This an impossible situation, since only 
the positive value of reactance can produce a valid result. 
To illustrate, suppose that in the previous problem = 4 
ohms. Then for a reactance difference of 6 ohms, Xl must be 
either -2 ohms or 30 ohms, the first answer of which is im- 
possible to attain. So only the lO-ohm answer would be valid, 

3« 



PARALLEL CIRCUITS 

When R. L. and C are [connected in parallel as in Fig:ure 5-6, 
the voltages across all three components are the same, just as 
in any other parallel arrangement. The currents m the differ- 
ent branches are fiot necesfiarily the same, however, nor at the 




Figure 5-4. Circuit containing pawal^ 
Itfl-connFclfiiT retitlance, mdticrancc^ 
and egpacltdnto. 



same phase angle. Current in each branch can be determined 
by Ohm'a Jaw — dividing the resistance, or reactance, into the 
applied voltage. Then the currents can be added vectorially 
to calculate the total current in Figure 5-6. The impedance 
of a p arallel RLC circ uit cannot be calculated by the formula 
2 = VR + (X,_ - XA'\ as was done for series circuits, but 
must be calculated by other means. 

Several forraulaa can be used to calculate impedance of this 
circuit drrectly, but they are lengthy and often difficult to 
remember. As an example: 



Z = 



RXJC, 



\/A'rX,= -F' {RX^ - RX^y 
Phase angle can be calculated by: 



6 = arc tan 



RX. - RXr. 

X,.X. 



Here ia a method of calculating impedance which can be 
remembered much more easily: Find the total circuit current; 
then divide it into the voltage. Using the R and X values given 
in Figure 5-6. let's calculate the impedance by the current 
method. Applied voltage is not ^iriven in the problem; sa we 
can assume one in order to find the currents. The impedance 
will come out the same no matter what voltage is assumed- 
For this problem, 12 volts is a good choioe because R. X,_. and 
X^ all divide into it a whole number of times. Then the cur- 
rents are as follows: 
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/f = ^=-3= 4amp3 

, E 12 „ 

/p = -^ = -|- = 3 amps 

r. = ;J=f = 2amps 

Since /. and are 1S0° out of phase with each other, the 
total rea^-tive current is 3 minus 2, or 1 ampere. This is the 
current h in Figure 5-6. Since this reactive current is 90" out 
of phase with the resistive current (4 amps), they must be 
added as ^hown : 



/, = v'7?T77 = ^4- + 1- 
= \/Tr= 4.12 amps 

Impedance is then determined by Ohm's law: 



12 
4.12 



= 2.91 ohms 



Suppose we use 24 volts as the applied voltage? We obtain 
the same result; 



24 

&,24 



^ 2,91 ohms 



This 13 classed as a capacitive circuit because capacitive cur- 
rent IS larger than the current through the inductance. 



Figure 5-7. flctittaiitc and inductance 
in pamLiBl. 



If the parallel circuit contains only one reactance, the prob- 
lem ifi worked the same way but is simplified. An example is 
the circuit in Figure 5-7» where R is 50 ohms and -V;. is 100 
ohms. If we assume an applied voltage of 100^ then : 



£1 



s 

R 
100 

50 



= 2 amps 



And: 



E 

100 
100 



= tsa = lamp 



Then: 



If = \/2= + 1= 
= \/5 = 2.24amp3 



And: 



r, 

100 
2.24 



— 44.6 ohma 



Note that these parallel circuits cannot be cakulated like 
resistors in par&lleJ because of the phase differences involved. 
Neither can we add the oppositions vectorialJy as we did for 
aeries circuits, although we can add the currents by that 
method. For aeries circuits, the phase angEe ws3 determined 
by the relative values of reactance and resistance. For parallel 
circuits we use the reactive and resiative currents. For ex- 
ample, in Figure 5-6: 



= arc tan 



For Figure 5-7 : 



B = 



arc tan 4= 14* 
4 



arc tan t 



= arc tan g = 26.6" 
AC POWER 

As indicated at the beginning of this chapter, AC values 
are normally stated in rms values unless otherwise indicated. 



Power, which ia calculated from rms values, is usually re- 
ferred to as average power. ^^Tien AC is applied across a re- 
sistance only, the voltage and current are in phase. So E ■ /, 
r-'R, or E-/R can all be used to calculate power in the circuit. 
In this respect AC circuits are very similar to DC as long as 
rms values are used. This calculated power gives the amount 
dissipated by the purely resistive circuit. 

However, when an AC circuit alaii contains reactance — 
either inductive or capacitive, or both — -the power calculationa 
will be altered. Circuit resistance dissipates power because in 
a resistance the voltage and current are in phase. Circuit re- 
actance returns power to the line because of the 90^ phase 
difference between voltage and current. Thi^^ results in cer- 
tain relations which may be confusing. In a series circuit com- 
posed of resistance and reactance, multipljiug the applied 
voltage by the circuit current gives a certain result called 
apparent power (fj. This value is greater than the power 
dissipated by the resistor, called true power (P,). To distin- 
guish it from true power, the apparent power is usually ex- 
preaaed in volt-amperes, which are numerically the same as 
watts. The ratio of true power to apparent power is called 
the power factor {PF) : 



P. 



where, 

PF is the power factor (always between 0 and 1), 

P, is the true po%ver in watts, 

P„ is the apparent power in volt-amperes. 

Power factor of a seriea circuit can also be expressed in 
terms of circuit opposition and phase angle, as shown next: 

^ ^ = C03 

where, 

FF is the power factor, 
R is the circuit reaistance in ohms, 
Z is the circuit impedance in ohms, 
9 is the phase angle in degrees. 

These relationships are the same because in the standard 
impedance triangle (see Figure 5-4A) the cosine of the phase 



62 



H 



A3 



angle is equal to H divided by Z. Let's solve for the power 
relationshipfl in the flcriea circuit of Figure 5-8: 



= — 5 ohms 

--I 

— 4 ampa 



5 

Ex I 

20 X 4 = 80 volt amperes 

4=1 X 3 = 48 watta 

P. 
P. 



We can check this reault with the other formulas: 



R 
Z 



B = arc tan ^ 

= are tan 1,33 = 53.1" 
PF = C03 e 

= co5 53,1'^ = 0,6004 

This latter reauit is extremely close, conaideriiiff that we 
determined 6 only to the nearest tenth of a degree. For series 
RL or RC circuiU< the calculationa are the same except that 
we need to consider only one reactance — the total to be used- 



l^idurtf J-B- Rfl<iiran«< Inductance, 




6A 



k 



Figure 6-8 is an inductive circuit because is larger than X^. 
Current lags the applied voltage, so the power factor can also 
be termed "a laKfiiup power factor." In a few instances, power 
factor may be expressed as a percentage, in which case 0.6 
would be the same as 60%. Power factor of a purely resistive 
circuit is 1; for a purely reactive circuit, it is 0. 

For parallel circuits the idea is the same except that the 
methods of calculation vary slightly. The P,/P„ relationship 
atiU holds, as well as cosine B. But for parallel circuits the 
angle is figured from the current, which is inversely propor- 
tional to impedance. Therefore, instead of R'Z, power factor 
in parallel circuits is calculated by Z divided by R^ Let's use 
Figure 5^6 and illustrates power factor for parallel circuits, 
assuming an applied voltage of 12 volts. From our previous 
calculations, /. = 4.12 amps and Z ^ 2.91 ohms. 



And: 



Therefore : 



P. = E^t, 

~12X 4,12 ^ 49.44 volt amperes 

P, = EXJ, 

= l2x 4 = 48watta 



PF = 



P. 
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49,44 



= 0.971 



Checking : 



PF = ^ 



R 
2.91 



= 0.97 



Previously it was found that the phase angle for this circuit 
ia 14°. So; 

PF = cos fl 

= 008 14^^ = 0.9703 



CHAPTER « 



FREQUENCY 



As defined in the precediof chapter, a cycle of alternating- 
current consists of two auct^ess^ive alternations, one poaitivE 
and one negative. We can express the duration the numher 
of cydee which occur in one second. This is called the fre." 
(/MtHci^ of the AC wave and it la always expressed as a certain 
value in hertz (cydes per second). Commercial AC power ia 
usually supplied at 60 berta, which meanri that aiicty cycles 
occur during eaoh ^^econd, each cycle lastintj of a second. 

Normally, DC is considered as havinir a frequency of zero 
herta. On the other hand, various types of radiation extend 
into the millions-of-herlii region or beyond. Names are Riven 
to some frequency ranges — for example the audio range, which 
extends up to alKiut 20,000 herta ; or the idirtAnouic range, start- 
ing at about that point and e.^tending to several hundred kilo- 
hertz. Broadcast and communications stations are assigned 
frequencies beginning at 10 kilohertz and extending up to 
30,000 megahertz. The Federal Communications Commission 
(FCC) han established the following frequency-range desig- 
nations: 



Very low frequencies (VLF) 
Low frequencies (LF) 
Medium frequencies (MF) 
High frequencies (HF) 
Very hitfh frequencies (VHF) 
Ultra high frequencies <UHF) 
Super high frequencies (SHF) 



—Below 30 kHz. 
—30-300 kHz. 
—300-3,000 kHz. 
—3.000^30,000 kHz, 
—30,000 kHz-300 MHz. 
^00-3,000 MHz, 
—3,000-30,000 MHz. 



Extremely high frequencies (EHF)— 30,000-300,000 MHz. 

WAVELENGTH 

Radio waves are assumed to travel through space at ap- 
proximately 186,000 milea (300 million nieter.s, or 984 million 



feet) per second. Therefore, each cycle of radio energy occu- 
pies a certain distance in space, called wnveUngth. It U usu- 
ally expressed in meters or feet, or for the shorter wave- 
lengths, in centimeters or inches. Since the velocity is the 
S^me for all frequencies^ this means the wavelength of a given 
signal depends only on the frequency. The general formula 
which follows can be used to solve for wavelength, the symbol 
of which is the Greek letter tamhila (k) : 

where, 

K is the wavelenjrth, 

V ifl the velocity of ^jropagfltion, 

/ is the signal frequency. 

In using this formula, we express frequency in basic units 
of hertz. Thus, both wavelength and velocity will be in the 
same units of distance. Tn the next formula* wavelength is 
listed in meters and velocity in meters per second: 



X = 



300,000,000 
Hz 



As an example, a wavelength at 1,500 kHz ia: 

, 300,000,000 , 
1,500.000 =^<^^^-'^^^ 

To shorten the formulas, the next two forma may be used, 
especially for the higher frequencies: 

, 300*000 300 ^ 
A = — ~^ — — =■ meters 
kHz MHz 

Solving the previous problem with these formulas produces 
the same answer, 200 meters. If we wanted the answer ex- 
pressed in feet, we cculd multiply the number of meters by 
3.28 Uhe number of feet in a meter). For the previous prob- 
lem the wavelength would be 200 times 3-28, or 656 feet. 
We could solve for feet directly by using: 

^ ^ 984,000,000 ^ 984,000,000 ^ 



Hz 



1.500,000 



Two other versions of this formula may be used to facilitate 
calculations : 
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984,000 984 



= feet 



kHz MHz 

If wHvelengih (X) is ^ven in a problem, then the origiiml 
formuU c&T) be trjLuapoaed, ^ving the results shown next: 



7? 

nrm 

f 



v = kf 



Since velocity ia a conat&nt, it is of no concern in ordinary 
problems. Let's solve a problem, finding the frequency, if the 
wavelength of a signal is 40 metera: 

/ = ^ = 300,^^ ^ , ^ „^ , 5 MHz 

These formulaa show that frequency and wavelength are 
inversely proportional to each other. In other words, if the 
frequency is doubled, the wavelength is halved. This Inverse 
relationship can be shown from this formula: 

bl = L 
A, f, 

The wavelength at a certain frequency is 60 meters. What 
will the wavelength be if the frequency is tripled? 

60^ 3^ 
A, 1 

= 20 meters 

This formula shows that the iTiverse proportion holds true — - 
since the frequency was tripled, the wavelength was reduced 
to one third its former value. 

In some electronics applications we are interested in frac- 
tions of wavelengths, such as in finding the length of a half- 
wave antenna. The formulas already ^^iven can be used to And 
3. full wavelength, and then multiplied by the proper fraction 
to give us the result 
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where, 

( is the duration of one cycle in seconds, 
/ is the frequency in hertz. 

What is the period of a 400-H2 signal ? 

' " 7 ~ 4^0 ~ second 

For higher frequencies^ we can use the same formula, stating 
frequency in me^fahertz and time in microseconds. For ex- 
ample, what is the period of an 8,000-kHz wave? 

t = 4 = 4= 0.125 microsecond 

If the period of a signal is 0.5 microsecond, what is the 
wavelen^rlh in meters? 

This can be solved by two separate problems. First the fre- 
quency could be found, and then the wavelength. Or it could 
be solved directly by : 

A = u X i = 300 X 0.5 = 150 meters 

In some AC formulas, (such as those for reactance) the ex- 
pression 2ff/ often appears. This quantity called fLngnlar 
velocity and is sometimes indicated by the symbol fj {omega). 
There are 2ir radians in each 360\ or a complete cycle- Multi- 
plying by the number of hertz gives us the number of radiana 
covered during each second of time. 

What is the angular velocity of a 2,000-ITz signal? 

Angular velocity = 2^/ = 6.28 x 2,000 = 1,256 radians per 
second- 



TIME 

As previously explained, each cycle occurs in a certain in- 
terval, called the period. It can be found from the following: 



0' 



CHAPTER 7 



INDUCTANCE 



Inductance opposes any change of current through it. Thia 
opposition is present becauae the coil develops a counterelec- 
tromotive force with a polarity opposite that of the applied 
voltage. The basic unit of inductance is the h&nii/, which was 
defined in Chapter 5, 

Inductani^e of an individual coil depends on a number of 
coil characteristics — primarily the number of turns, the physi- 
cal dimensions, and the permeability of the core. Permeability 
is a measure of the ease with which a material can carry 
magnetic Jinea of force. Air has a permeability of L Inductance 
varies directly with the permeability and directly the square 
of the number of turns. These properties are shown mathe- 
matically by the ne3d two formulas, in which the subscript 1 
indicates the initial condition and subscript 2 the same condi- 
tion after a change in one of the coil characteristics: 

where, 

L js the inductance of Li and Lt (both in the same measure- 
ment units), 

fi is the permeability of the core, 
is the number of turns in the coiL 

A coil having an inductance of 2 henrys has its core replaced 
by one having a permeability three times as great. What is 
the new inductance? 

Lt ^ G henrys 

indicating that inductance is directly proportional to the per- 
meability of the core. 
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A 400-turn coil has an inductance of 3 henrys. If the num- 
ber of turns is increased to 600^ what is the new inductance? 

3 400- 



3 

A 
4L, 



600- 

= (f ) • 

_4 
9 

= 27 



, _27 



= 6-75 henrys 



INDUCTIVE REACTANCE 

Inductivfi reactance (X,,) is the opposition oJTered by the 
coil to the flow of AC. It can be determined by this formula: 

where, 

Xi. is the inductive reactance in ohma, 
/ is the frequency in hertz, 
L is the inductance in henry a, 
2v is equal to 6.23 (a constant). 

Inductive reactance varies directly with frequency and in- 
ductance. If either or both are increased, the reactance will 
increase and vice versa- 

What is the inductive reactance of a S-henry coil operating 
at 600 km? 

J!f,, = 6.28 X 6 X Iffi X 3 
= 113 X 10-' ohms 

We can use the basic equation and solve for either induct- 
ance or frequency, aa shown next; 




f = 



2wfL 
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or: 



2t/ 



At 50 kHz a coil has 500 ohms of inductive reactance. What 
the inductance? 



500 



2^f 6-28 X 50,000 628 



= 0.0016 henry 



We coultl solve for frequency in the same manner, by using 
the formuta already given. Aa lonif as A'y, is directly propor- 
tional we can use the next two relationships whenever one of 
the variables remains constant. With inductance constant: 

With frequency constant; 

These formulas can be used to aoWe the following types of 
problems : 

I. An inductor has a reactance of 400 ohms at 100 kHz, 
What ia its reactance at 125 kHz? 









/, 


400 


100 


X,, 


iZ5 


100 X,., 


= 50.000 




= 500 ohms' 



2. At a given frequency a coil has a reactance of 7,500 ohma. 
What will the reactance be if the frequency is quadrupled? 

^ = Il 
Xu fi 

7.500 _ 1 
Xr^'A 

^L- = 4 X 7,500 
Xti = 30,000 ohms 



INDUCTOR COMBINATIONS 

When aenea- or parallel -connected coils are physically close 
together, the lines of force from each pa^is through the other, 
chnnfiing the total amount of inductance. This interaction is 
called mutual in^iiciance and is measured in henrya-just like 
the setf-inductance of a single coiL So, in considering total 
inductance of a groiip of coiU, we must take into account 
whether or not there ia mutual coupling between them. With 
no cauplinE, a group of series-connecled coils produces a total 
inductance equal to the sum of the individual coils. 

For example, if three inductances, 2, 3, and 4 henry;*, are 
aeries-connected (Figure 7-lA), the total inductance will be: 

L, = 2 4- 3 + 4 = Dhenrya 

With mutual coupling, the total inductance of two seriea- 
Connected coils is; 

where, 

L, is the total inductance, 

L, and L, are the series inductances, 

M is the mutual inductance. 

If the coils are connected seriea-a^dlng (Figure 7-lB). the 
2M term is positive and adds to the total inductance. If the 
coils are wound series-opposing (Figure 7-lC), there is at least 
a partial cancellation of effective inductance and the 2M term 
ia negative, decreasing the total. When the coefficient of cou- 
pling is known, the mutual inductance can be determined from 
the following: 




U I? 



It-U'J-JM 



LI 



[A) NoeoMpUnff. iB} Serifs-aidvag. iC) Serie^-oppotaiil. 

Figure f-i. Circuih of teriai.toniflcled 'mJucIancei. 
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where, 

M ia the mutual inductance, 

if is the coefficient of coupling, 

L, and L, are the aeries-connected inductors. 

The coefficient of coupling {K) is a decimal indicating the 
percentage of the lines of force passing thtough the other coil. 
It is always equal to 1 or less, thus a of SO^t would be the 
same as 0.8, The decimal form will be used in our calculfltiona. 



M = 



I— 'TTTVjTTr—, 



?H 



U ij 
irii"i7-?M 



{A) StricK-aiding. ffl) ^erim-appuitivg. 

Fiflun 7-2. Twn mdueiancei connccied in tut'tn fo illuitrate thv rWoef of 
mutual inductance an Ihc total circuit induclance. 

Suppose a 2-henry and an S-henrv coil are connected series- 
aiding with a coefficient of coupling of 759?. (See Figure 
7-2A), We can find the mutual inductance by: 



0,75 \/25rS 
0,75 X 4 
3 henrya 

L, + L, + fiSf 

^2+8+6 
= 16 henrys 



If they are connected in series-opposition {Figure 7-2B). the 
mutual inductance will remain the same. But the total induct- 
ance will now be: 

= 2 -H 8 - 6 
= 4 henrya 

Where the coupling coefficient is unknown, mutual inductance 
C}Ln be calculated by: 
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where, 

M is the mutual inductance, 

La is the total inductance with fields aiding, 

Ln i3 the total inductance with fields opposing. 

For this, and L^ can be measured by suitable equipment, 
and then M calculated. Reworking the previous problem to 
find M. La = 16 henrys and = 4 henrys. Then ; 



M = 



16-4 

4 
13 



= 3 henrys 

The coefficient of coupling can then be solved by: 




2^8 

_3 
4 

= 0.75 

Inductive reactances in series add directly, just like re- 
sistors, 

where, 

Xu ia the tot^l inductive reactance in ohms, 

■^fi. Xi.„ and are the individual reactances in ohms. 

Of course if there were mutual coupling, the total reactance 
would be either larger or smaller, depending on how the coils 
were connected- However, once we know the total inductance, 
we can calculate the total reactance by the formula X,_ = 2wfL. 

Inductors can be connected in parallel, but this is seldom 
done in actual practice, primarily because the coils may be 
relatively expensive and paralleling them merely decreases 
the total inductance. So from a practicjil standpoint it would 
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be much better to use a single coil having a smaller value. 
Connecting coila in parallel has the same effect on total re- 
actance fl3 on total inductan<;e — the total ia reduced to a value 
smaller than the smallest indivjdual reactance or inductance, 

ENERGY AND Q 

The energy stored in a coil can be determined from this 
formula : 




where, 

W IS the energy, in joules {watt -seconds), 
L is the inductance in henrys, 
/ is the current in amperes. 

Thus, if 3 amperes flow through an 8-henry coil, the energy 
win be: 

'^=¥ 

2 
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2 

= 36 joules 

We can also use the basic formula and solve for L or /: 

The 0 of a coil is the ratio of the energy stored to that 
dissipated; it can be stated as: 



where, 

Q is the figrure of merit of the coil (no unit), 
Xi. is the inductive reactance in ohms, 
R is the effective resistance in ohms, 

A coil which has an Xi of 200 ohms and an effective resist- 
ance of 40 ohms has a Q of : 

_2Q0 
40 

= 6 

The R in the formula Includes the ohmic or DC resistance 
of the coil, as well aa any AC resistance, such as stiin effect, 
which may be present in the circuit. We shaU see in the next 
chapter that Q indicates the charge on a capacitor- Hence, the 
two uses should not be confused. 



TIME CONSTANT 

Recall that inductance opposes any change of current 
through it. Therefore, when voltage is applied, the current 
requires a certain amount of time to reach a maximum. This 
time depends on the time corrstant of the circuit. This time 
constant is found by dividing the inductance by the series 
resistance. 

where, 

TC is the time constant in seconds, 
L is the inductance in henrys, 
R is the resistance in ohms. 

A time constant is defined as the time required for the cur^ 
rent to reach 63-27' of its maximum value- During the next 
time constant, the current increases to 63.27'' of the differ- 
ence remaining (36.8^?), or to 86.57^. During the third time 
constant, the current again increases to 63.29*' remain- 
der (13.59£), So, at the end of the third time constant the 
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(A) Carri-nt ineri'am. {B) Current dBcrcuPF. 

Figurv 7-3. Raia of change at currpnr fhrough an mduclnnce and miitanLe 

in »erifl*, 



current ifi 957f of maximum. After four and ftve time cou- 
i^tanU, the percentages are 93,2 and 99,3, respectively. For 
practical purposes the current is assumed to reach its maxi- 
mum value in five time conatanta. Figure 7-3A shows the rate 
of current Increase from the time voltage is applied, until 
the maximum value has been reached. The decrease of coil 
current is at the same nonlinear rate and is shown in Figure 

7-3B. After one time constant of discharge, the current has 
decreased by 63. 2^; , or to 36,8 9! of its maximum value. At the 

end of each of the next four time conatants. the current is 
13.5%, 5%, 1.8%. and 0,7%, respectively. A long time con- 
stant can therefore be obtained by making the inductance 
large or the resistance small, or both. The time constant varies 
directly with inductance— the delay of current change being 
directly proportional to the time constant- 
Suppose a 2-henry coil in series with a 1,000-obm re.'^istor 
is connected across 200 voita DC The maximum current will 
be 200 - 1,000. or 0.2 ampere, because at the end of five time 
constants the current will be limited only by the resistance 
in the circuit. The time constant will be: 

At 3 time constant, I = 63.2^^^ of 0,2 = 0.1264 ampere 
At 2 time constants, I = 86. 5?^ of 0.2 = 0,1730 ampere 
At 3 time constants, I = ^H'/c of 0.2 = 0,19 ampere 
At 4 t:me constants, I 98.2^ of 0,2 = 0.1964 ampere 
At 5 time conatants, I = 99.S9f of 0.2 = 0.1986 ampere 

n 



TRANSFORMERS 

Turns and Impedance 

In a transformer, the voltage of the secondary can be cal- 
culated from the formula: 

where. 

E, is the secondary voltage, 

Ej, is the primary voltage, 

W is the turns ratio (no unit). 

The turns ratio {N) in this formula is the number of turns 
on the secondary windings, divided by the numljer on the pri- 
mary. In a step-up transformer, N is greater than 1 and the 
aecondaiy voltage Ia higher than the primary voltage- In a 
step-down transformer, N is leas than 1 and the secondary 
voltage is smaller. 

A transformer has 200 turns on the primary and 800 on the 
secondary. If 115 volts is applied to the primary, what is the 
secondary voltage? 

^ 200 
= 4 

E, = IIB y. 4 
- 460 volts 

In any transformer, the impedance ratio is equal to the 
square of the turns ratio: 

where, 

Z m the impedance ratio^ 
N is the turns ratio. 

Conversely the turns ratio is the square root of the impedance 
ratio {N = \/Z). 

A step-down transformer has a 5-to-l turns ratio. If the im- 
pedance of the primary 13 600 ohms, what is the aecondary 
impedance? 

Z = N^ 
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Since: 

N = 5 

Then: 

= 25 

Thia means the primary impedance is twenty-five times 
fcreater than the secondary. Therefore the secondary imped- 
ance 13 600 ohms divided by 25, or 24 ohma. 



where, 

P. is the secondary power (E, x 
Pp is the primary power (EpX/p), 

Thus, 3, transformer having 50 watta in the primary and 
48 watts in the secondary has an efficiency of: 



EHiciency 

Neglecting loasea, the power in the primary should be equal 
to the power in the secondary, or: 

where, t 

Ef and Et are the primary and secondary voltages, • 

Ip and /. are the primary and secondary currents. 

fip times gives the primary power, 

E. times /, gives the power in the secondary. 

A step-up transformer has a turns ratio of 8-to-l. PrimEry 
voltage ia 100, with a current of 2 amperes. What ia the sec- 
ondary current? Since step-up operation ia indicated, the sec- 
ondary voltage ia 100 times 8, or 800 volts. Then: 

_ 100 X 2 - 
800 I 
- 0.25 ampere 

Neglecting losses, notice that the current was stepped down 
by the same ratio the voltage was stepped up. The voltage 
was increased eight times from primary Id secondary. So the 
current in the secondary ia one-eighth that in the primary. 

Efficiency of a transformer is calculated from the formula: 

% efficiency = 100 
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CAPACITANCE 

A capacitor is formed by separatiiiB; two metallic plates by 
an insulating material called a dielectric. When a voltage is 
applied across it, a capacitor charges by depositing etectrona 
on one plate (making that plate negative), and by drawing 
electrons from the other plate (making it positive). The num- 
ber of electrons which can be stored, with a given applied volt- 
age, is a measure of the capacitance of the unit. When the 
capacitor is charged* electrostatic lines of force exist between 
the plates. Heiice Ihe charge ia assumed to be stored in the 
dielectric material. 

A capacitor tends to oppose any change of voltage across it. 
Therefore, it lakes a certain amount of time to charge to the 
applied voltage. Once charged, a potential difference (measured 
in volts) exists across the plates. The charge on the capacitor 
is a measure of the number of electrons stored — the basic unit 
of this charge being the coulomb. (One coulomb = 6.24 x lO'" 
electrons) . There is also a certain amount of potential energy 
stored, which is measui'ed ia joules. 

The basic unit of capacitance is the farad. One farad is the 
amount of capacitance which stores one coulomb of electricity 
when a potential difference of one volt is applied across the 
plates, A farad is much too large for practical work. So ca- 
pacitors used in electronic circuits are usually rated in micro- 
farads (^F) or picofarads (pF). 

FACTORS AFFECTING CAPACITANCE 

The capacitance of a parallel-plate capacitor may be found 
from this formula: 

^^ 0.2235fi:A(.V-U 
D 

where, 

C 19 the capacitance in pF, 
K is the dielectric constant, 

sa 



A is the area of one plate in square inches. 
D is the distance between plates in inches. 
N is the number of plates. 

We may never use this formula to any great extent, but It 
does give us a set of important relationships. It tells us how 
the various factors determine the actual amount of capaci- 
tance of a given unit. Capacitance varies directly with the 
dielectric constant, area of the plates, and the number- Ca- 
pacitance also varies inversely with distance between plates 
(thickness of dielectric). The dielectric constant is a measure 
of the insulating qualities of the dielectric material, compared 
with air (which is assumed to be 1). Table S-l lists the con- 
stants for some of the more common materials. The factor 



Table 8-1. ApproKJmote DleloetHc Constants 
of Common Maleriala 
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{N-l), in the formula, represents the number of capacitor 
sections— 'if the capacitor contains five plates there are four 
separate dielectric sections, hence four capacitors, all con- 
nectefl in parallel For a single-section capacitor (two plates), 
the N—1 factor can be i^rnored because it is equal to 1, 

In the formula just given, the area and the distance be- 
tween plates were expressed in square inches and inches, re- 
spectively. With the area in sqnare centimeters and the dis- 
tance in centimeters, the numerical factor 0-0SS5 would be used 
instead of 0.2235. 

CAPACITIVE REACTANCE 

The capacitiue reactance {Xp) of a capacitor is the oppo- 
flilion offered by the capacitor to the flow of AC, It can be 
determined by this formula: 



2>r/C 

where, 

is the capatitfve reai^CancG in ohmst 
/ is the frequency in hertZj 
C 13 the capacitance in farads, 
Ztr is equal to 6.38, a constant. 

According- to this relationship, the reactance varies in- 
veraely with frequency and capjicitaiice. If either, or both, 
are increased, the reactance will decrease, and vice versa. 

What is the reactance of a 0.05-/jF capacitor operating at 
500 kHz? 

1 



6.2BX 6 X 10* X 5 X 10-^ 
1 1 



157 X 10-^ 0.157 
X = 6-37 ohma 

We could solve the basic equation for frequency or capaci- 
tance : 

X — i- 
Z^fCX^ = 1 

\_ 
1 

A capacitor has a reactance of 75 ohms at a frequency of 
eOO kHz. What is the capacitance? 

1 




C = 

^ " 282.G X 10« " 0,2826 x 10' 
C = 3.54 X 10-'' = 0.00354 ftP 



1 

6.28 X 6 X 10^ X 7,5 X 10' 

1 1 



Solving for frequency would involve the same type of sub- 
stitution and calculation. Going back to the original X.. for- 
mula we see that reactance varies inversely with frequency 
and capacitance. And from this we can obtain the following 
two relationships. With capacitance constant: 

X,, ?, 



With frequency constant: 



-tS 



^1 



Let's see how these would be used. 

1. A capacitor has a reactance of 200 ohms at 500 kK'A- What 
is its reactance at 400 kHz? 
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200 


400,000 


X, 


500.000 


200 
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X.. 
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1000 




250 ohms 



in other words, the reactance jfoes up by the same ratio that 
the frequency goes down. 

2. At a certain frequency a capacitor has a reactance of 100 
ohms. If the capacitance is tripled, what is its new reactance? 

100 _ 3 
X., 1 

In the above step, no matter what the capacitance values 
are, the ratio on the right will be reduced to 3 over 1 : 

BX^, = 100 

Xr, = 33,3 ohms 
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SERIES CAPACITORS 

When capacitors are connected in aeriea, the voltage rating 
of the combination i& equal to the sum of the voltage ratings 
of all the capacitors. For example, two 450-volt units in series 



CI 



□ 



of capucito'i in larici. 



would have a voltage rating of 900 volts. But the series con- 
nection causes the total capacitance to be smaller than the 
amaiieat of the group. And aa the total capacitance ia de- 
creased, the total reactance is increased. For our calculations 

of actual valuea we will refer to the three-capacitor series cir- 
cuit of Figure 8-1, 

Total capacitance is calculated in the same way as parallel 
resistors, and the formula shown below can be applied for 
any number of capacitors. 



where, 

Ct, Cm, and Ci are the individual capacitances, 
C, is the total capacitance. 

If two capacitors are connected in series, the total can be 
found by the "product-over-the-sum" method, aa ahown pre- 
viously for two resistors in parallel : 

If all aeries capacitors have the same value, {C), it can be 
divided by the number of capacitors {N). 

c 

Sample Problems 

1. Three capacitors, each rated at 8 ^F, 450 volts, are con- 
nected in series. What ia the total capacitance and the voltage 
rating of the combination? 



8A 



C. = ;^=|or2% ^.F 
Voltage rating = 450 x 3 = 1.350 volts. 

2. A 4-/iF and an 8-/tF capacitor are connected in series. 
What is the total capacitance? 

3. Three capacitors, 2, 4, and 8 ^^F, are connected in series. 
What is the total capacitance? 

1 



C,= 



Ci Cj 



4 + 2 + 1 



8 



C=^=|orl.U^F 
8 

Capacitive reactances in series are calculated in the same 
roanner aa reaiatancea in aeriea — by adding them directly. 
The formula given here holds for any number in series: 

For example, if three capacitors having reactances of 10. 
15, and 20 ohms are connected in aeriea, the total reactance 
is 10 + 15 + 20, or 45 ohms. 

When voltage is applied across a group of series-connected 
capacitorB, the circuit becomea a voltage divider. The voltage 
drop across each capacitor is then inversely proportional to 
its capacitance. As an example, let's use the circuit of Figure 
8^2, where the separate capacitors are 2. 4, and 8 ^F, Several 
methods can be used. Let's examine two of them. 



Figure 6-2. CapociroTt in t6iia%. 
with an AC vollaga applied lo 
ika combmalian- 




z:qv 



If we let J' e<iuaJ the voltaEe across C3. then th*^re niuBt be 
2t. volta across C2. and jj: volts iicroaa CI. These three, added 
together, equal the supply voltage of 210 volta: 

Ix = 210 
^ - 30 volts 

So there in 30 volt» across CZ, 60 volta across C2. and 120 
volta across C\, flddin^r op to n total of 210. 

Or we can use this formula, which holds for any number 
of capacitors: 



where, 

Er is the unknown voltage acrosa a capacitor, 

E„ \s the applied voltage, 

C, is the total capacitance of the circuit, 

C, ia the capacitance across which the unknown voltage 

Ej appears (C^ and C, should be expressed in the same 

unit;*). 

We can use this formula to solve the same problem, except 
that we must solve for the voltage acvoas one of the capacitors. 
Let's solve for the voltage across C2, the unit : 

X C, 



Er = 



E,= 



210 X 1.143 240 



4 4 

E, = 00 volts 

which ia the same answer obtained by the previous method- 



PARALLEL CAPACITORS 

Capacitors connected in parallel act like a single capacitor 
having a larger plate area. This meuna that capacitora in 
parallel add directly, just like seriea resistors. Any parallel 
combination can be salved from this equation: 

where, 

Ci ifl the total capacitance. 

C,. Ci. Cx are the individual capacitor*. 



For example, three capacitors. 500 pF. .05 /jF, and 1.0 ^F, 
are connected in parallel. Find the total capacitance. We could 
convert them all to either /iF (or pFj and then add as shown 
here: 

500 pF + .05 ^F + LO/iF 

Converting to fiF 

.0005 ^iF ■+■ .05 ^F + 1,0 = 1.0505 

We can handle the addition in a number of other ways, such 
as placing all values in a column : 

,0005 /iF 

.05 /iF ' 
1.0 fiY 

1.0506 ,iF 

Capacitive reactances in parallel are calculated in the same 
way as resistors in parallel, using any one of the following 
formulas ; 

y 

where. , 

Xcr is the total capacitive reactance^ 

is the value of each reactance, 
N is the number of equal reactances in parallel. 



Or; 



Xci Xft 



Xfi + Xpi 



The above formula is used when two reactances^ X. , and X^,, 
are connected in parallel. For any number of two or more, the 
redprocal formula shown nejct should be used: 



We have already perfomed these calculations a number of 
times, so sample problems will be omitted. 

The next type of problem often appears in the FCC exami- 
nation. We have a number of B-/tF capacitors, each rated at 
450 volts. How many would be required to make up a combina- 
tion rated at S fxF and 1,800 volta? 
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To obtain the 1,800-volt rating, four capacitors in aeriea 
would be required, hut the total capacitance of this combi- 
nation is only 2 fiF. So, to obtain B /xF we wouJd need four 
parallel branches, each containing four capacitors, for a total 
of 16 capacitors. 

CHARGE AND ENERGY 

The charge stored in a capacitor can be calculated by: 

Q = CE 

where, 

Q is the charge m coulombs, 
C is the capacitance in farads. 
E is the applied voltage in volta. 

As an example, 250 volts Is applied across a 0,05-/£F cap&ci- 
tor. The charge is: 

Q = 5 X 10-" X 2,6 X 10^ 
Q = 12.5 X 10-^ coulombs 

which could be expressed as 12.5 microcoulombs. 

Using the formula Q = CE, solve this problem, being care- 
ful not to make a snap judgment as to the anawer: 

A O-Ol-fiF capacitor is charged to 200 volta, and the charg- 
ing source is disconnected- An uncharged O.Ol-^iF capacitor 
is then connected in parallel with the charged capacitor. What 
will the voltage be across the combination? 

The first capacitor was charged to 2 microeoulombs (Q = 
CE) and the charging source was diaconnected. Adding the 
additional capacitor doubled the capacitance. So. with Q re- 
maining the same the voltage is cut in half, to 100 volts. 
Tf the source had remained connected, then of coui'Se both 
capacitors would have charged to the source voltage. 

We can rearrange the basic Q ^ CE formula, if necessary, 
to produce these results: 



Q 



The energy stored in a capacitor can be calculated from this 
formula : 
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Q^_C^_ CE^ 

^ 2C ac 2 

where. 

W is the energy in joules, 
0 18 the charge in coulombs* 
C is the capacitance in farads, 
E ia the applied voltage in volts- 

A 0,05->tF capacitor has 200 volts connected across it. How 
much energy is stored? 



W = 



CE- 



_ 5 X 10-^ X (2 X 10^)" 5 X 10-'* X 4 X 10* 
^~ 2 ^ 2 



2.0 X 10-' 



= i >! 10-^ joule 



To solve for C or E. with the other factors given: 



So: 



And: 



W = 

2W 



E^ 



ZW = CE-' 

E^=m 



So: 



E = 



TIME CONSTANT 

When DC is applied across an RC Circuit, the capacitor 
requires a certain amount of time to charge to the supply 
voltage. This time ia proportional to what is called the time 
coiLstatU. The time constant is equal to the resistance multi- 
plied by capacitance ; 



TC = R>-C 



I 



where, 

TC \& thfi time constant in seconds, 
R is the resistance in ohmj^, 
C is the capacitance in farads. 

The time constant is not the time required for full charge, 
but m the time required for the charge on the capacitor to 
reach approximately 63.291. of the available voltage. At the 
end (ff one time constant, a capacitor will have charged to 

%^.27i of the applied voltage. During the next time constant, 
the capacitor charges to 63.2Ci of the remaining voltage 
(36.8V( or to 86J%- During the third time constant the 
additional charjie is 63,2% of the remaining voltage (13.5%) 
or 957', etc. Table 8-2 shows the percentages of full charge 
the capacitor has attained at the end of each time constant, 
while Figure 8-3 shows it graphicaUy. For practical consider- 
ations the capatitor is assumed to be fuily charged at the end 
of 5 RC time periods. 

Diachurge occurs at the same rate. At the end of 1 RC timej 
the capacitor ha.s discharged 63.27*? of ita full charge and has 
36.8% left- Table 8-2 also lists the remaining percentages 
of voltage at the end of 1 through 6 RC times of discharge. 
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tCi Discharge. 



Fi^Utft fl^3- Charge gnd discharge turviii gn kC camfaanotiariH shewing 
(ha votrngf duthbuHon pcrCEt the capocitof and r«jitor ot diff«ri>nt 
RC Hfnoi' NnhcQ thai an diichdt^c^ the polarity ot rolrng^i acres* (h« 
r^tiiror h pppvBtta that during charger. 



Tahle 8-2. Percentage of Voltage Acro&s n Capacitor in an 
AC Circuit At the End of Certain AC Time Constant; 
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As R or C, or both, are increased ao is the time constant. 
This causes the capacitor to take a longer time to charge or 
discharge. When charging, the sum of and E,, at any in- 
stant of time is always equal to the applied voltage- On dis- 
charge, at any instant and E, are equal, but opptisite in 
polarity, to each other. Hence their sum ia always zero (See 
Figure S-3), 

A ,05-/iF capacitor is connected in seriea with a 600,000- 
ohm resistor- Find the time constant and the voltage acroHB 
the capacitor for 1 through 5 time constants of charge. The 
applied voltage is 200. 

rc = JSC = 5 X 10-" X 5 X lO'^ = 2.5 k 10-- second. 



For charging: 
At 1 time constant, Ef 
At 2 time conatantSj E^ 
At 3 time constants, fc". 
At 4 time constants, 
At 5 time constants, Er 



63-2% of 200 
86-57^ of 200 
957r of 200 
98-2% Of 200 
99,3% of 200 



126.4 volts 
173 volts 
190 volts 
196.4 volts 
198.6 volts 
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RESONANCE 



Circuits nre said to be resonrm^ when the capacitive and 
inductive reactances in the circuit are equal. This principle 
ia uHod in many electronics applications. As frequency is in- 
creased from zeroj the inductive reactance in a circuit also 
increases but the capacitive reactance decreases. At some fre- 
quency the reactances will be equal— this point being termed 
the resonant frequency. As long aa this condition occurs at 
only one frequency, an LC circuit becomes disc rim inatorj' 
and its behavior depends on whether the reactive components 
are connected in series or in parallel. 

SERIES RESONANCE 

When J?r equals X,_ in a aeries LC circuit, the circuit is series- 
resonant. However, any circuit contains at least a small amount 
of resistance. So, in discuasiriK resonance we must assume that 
resistance ia also present. We can calculate the resonant fre- 
quency by determining that frequency which causes the re- 
actances to be equal. The formula is developed as shown : 



Since 
Then : 
And: 



1 



2^fc 
1 

I_ 

1 

2w\/Ld 



where frequency, inductance, and capacitance are expressed 
in basic unjt& — hertz> henrya, and farads, respectively. 
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Suppose that a series circuit, as shown in Figure 9-1 consistii 
of a 20-ohrn re9istor, a BO-/iH inductor and a 250-pF capaci- 
tor. Solve for the resonant frequency. 



f = 



TO 



6.23V5 X 10-=^ >c 25 X 10"" 
1 



6.28V125 X lO-'fl 

1 

6-28 X 11.18 X 10'^ 

70.21 
lO'* 



.7021 X 10? 
= 1-424 X 10* = 1,424 kilohertz 



Flflirrp 9-1. A miti RLC circurV. 



[ 



By use of basic algebra we can also soTve tbe resonance 
equation for either L or C when frequency is known: 



Since : 

Then: 
And: 

Therefore : 
Or: 



L 

C 



1 
1 

1 
1 



. t 



At series-resonance the reactances effectively cancel each 
other and tbe following conditions exist; 

1- Circuit impedance is minimum and ia equal to the circuit 
resistance- Effective reactance is aero. 
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2, Ciirieijt is maximum riince impedance 13 minimum. 

3. The phase angle is 0", and the power factor ia 1. 

■I- Each of the reiictlve voitflKfis may be much larger than 

the applied voltage. 
In the circuit of Fitriire 9-2, aolve for Z. I. Er, and B^: 



Z = 



V^IO^H- (600-BOO)^ = 10 ohma, the aame aa R 

Z 
20 



= = 2 amps 

- 2 X 10 = 20 volts, same as E,, 
E^ = IxX,. 

= 2 7< 500 = 1,000 volts 

e:^ = / X X, 

= 2 X 500 = 1.000 volts 

Previously Q was defined aa X,_ R so in the circuit of Figure 
9-2 the Q equals 50. In a series-resonant circuit the voltage 



ft 



E. 



F^g, 9-2. A icrio-reWBDPt circuil. 



across either reactive component can be found from the for- 
mula: 

Therefore in the circuit just discussed, or = 50 x 20, 
or 1,000 volts. 



PARALLEL RESONANCE 

Several tonditiona can be used in defining parallel reso- 
nance. These are listed as follows: 

1, Inductive reactance equals capacitive reactance. 
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2. Circuit impedance is maximum, resulting in minimum 
line current, 

3. The circuit will be resistive, having unity power factor. 

If a Kero- real stance tank circuit could be deaigiied, all these 
conditions would occur at the same frequency. However, every 
LC circuit has some resistance, mostly in the inductive branch. 
Hlven if the resistance ia small, all these conditions will 
occur at approximately the same frequency. Tank circuits are 
usually designed for hi^h Q (having low resistance). Hence 
we can use the resonance formula already given for series 
circuits : 



At parallel resonance, the following conditions occur (Fig- 
ure 9-3 will be our reference circuit) : 

1. Circuit impedance between points A and B is inG.rim\(m'. 
therefore the line current is minimum. 

2- Opposition within the lank ia minimum because the effec- 
tive reactance is zero. This means the circulating tank 
current is maximum. 

3. The circuit acts resistive, the power factor is approxi- 
mately 1. and the phase angle ia nearly 0^ as long as the 
resistance is ncgHgible. 



FlgUK 9-3. A parallel crrcuJt, 
lllulrdting the effect at lEi 



Uaing Figure 9-3 again as our reference, the impedance pre- 
sented by the tank at resonance can be considered as ; 

where all electrical characteristics are stated in basic units. 
We could substitute X for- Xi_. because the basic condition for 
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reaonance is that the reactances be equal. Impedance can also 
be iitated as: 

Suppose these conditions exist in our reference circuit; L = 
40 ^H, C = 80 pF, and /f = 10 ohms. Solve for the resonant 
frequency and the circuit impedance at resonance: 



1 



Checking : 



1 



6.28\''32 10-" 

1 

6.2B X 6.66 X 10-s 
1 



Z = 



,3554 X 10 -« 

L_ 
RC 

4 X lO-"' 



-2.81 X 10^ = 2.81 MHa 



4 X 10-s 

^ 1 X 10 X 8 X l0-"~8 X 10-1" 

= 0.5 X lO"' = 50,000 ohma 

= 6-28 X 2,81 y 10« X 4 X 10"^ 
= 705.9 ohms 



^ R 



705.9 



= 70.59 



10 

= 705-9 X 70.69 
= 49.329 ohms 

The alight error results from rounding ofT the resonant 
frequency; actually it is slightly higher than 2.81 megahertz. 



According to the formula, the resonant frequency depends 
the product of L times C and not on the individual values. 

In the example problem just worked, the fact that L = 40 
and C = 80 pF, made thin circuit resonant at alightly over 

2.81 megahertz. If instead L = 2^ and C^ieO pF. the 
resonant frequency would be the same. In the latter e\ample 
we have halved L and doubled C, leaving the LC product at the 
same value. In fact many combinations of L and C would pro- 
duce the ^flme product and hence the same resonant frequency- 
Connecting a resiBtaoce across a fiaraUel-LC circuit loads 
down that circuit by decreasing the Q. This lowers the imped- 
ance of the circuilf but broadens the band of frequencies the 
circuit can paas. The resistor, however, ha.s no effect on the 
resonant frequency. 



DECIBELS 

The decibel (dB) is the basic unit for measuring the differ- 
ence between two levels of sound. It ia a nonlinear function 
based on logarithms* just as human hearing is nonlinear, or 
logarithmic, in nature. The human ear cannot determine ac- 
tual sound levels, but can detect dijfermces in levels provided 
they are not too smalt 

There is no such thing as z.ero sound, Hence any absolute 
measurement is impossible. Therefore we measure the level 
Of a particular sound with respect to some other level as a 
reference. The decibel, then, expresses numerically the ratio 
of a particular sound level to a certain reference level. 

Let's see how the fact that our hearing is logarithmic af- 
fects our sense of volume. If a sound level is increased from 
1 to 2 watts (n.sing an electrical quantity), the difference (or 
change) in the level, as interpreted by our ears, will seem to 
be the same amount of change aa an increase from 2 to 4 
watts, or from 5 to 10 watts. The latter ratings are certainly 
greater changes in power than our first example and will 
sound louder, but in each case the change in levels will seem 
identical to our ears. The power was doubled in each of the 
examples given and each of these changes is represented 
by the same number of decibels- So each change seemed to 
he the same, although the difference in power in each example 
Waanot 
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resonance is that the reactances be equal- Impedance can aiao 
be jatated as : 

Suppose these conditions exist in our reference circuit; L = 
40 iiR, C = 80 pF» and R = 10 ohma. Solve for the resonant 
frequency and the circuit impedance at reaoaance: 



Checking: 



1 



6.28V32 X io-'« 

1 

6.28 X 5.66 X 10-* 
1 



,3554x lO-« 
RC 

4 X lO-"i 



= 2.31 >: 10-^ = 2.81 MHz 



4 X 10"' 

1 X 10 X 8 X 10-" 8 X 10^^*^ 

0.5 X 10= = 50.000 ohms 

- 6.28 X 2.81 X 10« X 4 X lO""^ 
= 705.9 ohms 



x^ 

R 
705.9 



= 70.59 



10 

= 705,9 X 70,69 
= 49.829 ohms 

The slight error results from rounding off the resonant 
frequency; actually it If) sli^rhtly higher than 2.81 megahertz- 



According to the formula, the resonant frequency depends 
on the product of L times C and not on the individual values. 
In the example problem just worked, the fact that L = 40 /aH 
and C = 80 pF. made this circuit resonant at slightly over 

2.81 megahertz. If instead L = 20 /iH and C = 160 pF, the 
resonant frequency would be the same. In the latter example 
we have halved L and doubled C, leaving the LC product at the 
same value. In fact many combinations of L and C would pro- 
duce the same product and hence the same resonant frequency. 
Connecting a resistance across a parallel-LC circuit loads 
down that circuit by decreasing the Q, This lowers the imped- 
ance of the circuit, but broadens the band of frequencies the 
circuit can pass. The resistor, however, has no effect on the 
resonant frequency. 



DECIBELS 

The decibel (dB) is the basic unit for measuring the differ- 
ence between two levela of sound. It is a nonlinear function 
based on lofrarithms, just as human hearing is nonhnear, or 
logarithmic, in nature. The human ear cannot determine ac- 
tual sound levels, but can delect differences in leveis provided 
they are not too small. 

There is no such thins ^ero anund. Hence any absolute 
measurement is impossible. Therefore we measure the level 
of a particular sound with respect to some other level as a 
reference. The decibel, then, expresses numerically the ratio 
of a particular sound level to a certain reference level. 

Let's see how the fact that our hearing is logarithmic af- 
fects our sense of volume. If a Huund level is increased from 
1 to 2 watts (using an electrical quantity), the difference (or 
change) in the level, as interpreted by our ears, wili seem to 
be the same amount of change as an increase from 2 to 4 
watts, or from 6 to 10 watts. The latter ratings are certainly 
greater changes in power than our first example and will 
sound louder, but in each case the change in levels will seem 
identical to our ears. The power was doubled in each of the 
examples given and each of these changes is represented 
by the same number of decibels. So each change seemed to 
be the same, although the difference in power fn each example 
Wm not. 
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Doubling the power causes the sound to be louder, but defi- 
nitely not twice as loud, as might be supposed. This is due to 
the log-arithmic characteristic, which can be explained in still 
another way, A small change of volume may be noticeable at 
low levels, but not be noticeable at all for higher levels. As an 
example, a ehan^ from 1 viatt to 2 watta would be noticed 
by most people- A change from 19 watts to 20 watts however, 
would not bp noticed at oU, even though the actual change in 
power (1 watt) is the same in both instances. Thus we hear 
changes with respect to the ratio of the levels involved, rather 
than hearing any certain degree of change. 

As long as the decibel specifies no definite signal level we 
say that it is a relative unit, and the numerical value of these 
unjts depends on the ratio of the two levels — not the m/meri- 
cal difference between them. The average ear can detect sig- 
nal level changes of about 1 dB for a single tone, and about 
3 dB for mixed signals such as voice or music. 

The original unit used for the meaauremctit of sound was 
the bEl, the number of bels being equal to the log of the ratio 
of the power of two sound sources. This wa^i too large a unit 
so it was divided into ten parts, each called a decibeL Numeri- 
cally the number of decibels can be determined by the follow- 
ing formula: 

dB = 10 log ^ 

where P, and are the two levels of power, P, being the 
larger. 

If the impedances across which the signals are measured 
are equal, the following relationships for voltage or current 
also hold true; 



dB 

dB 



20 log J 

20 log ^ 



The first two are used to a much larger extent than the 
current formula, although the latter is just as applicable, 
A couple of problems will illustrate how these formulas are 
used. 



1. The input and output signal voltages of an amplifier are 
3 and 48 volts respectively. What is the decibel gain? 

dB = 20 :og|^ 

dB = 20 log ^ 

dB = 20 log IG 
dB = 20(l-204U = 24,032 dB 

The output signal is 24 dE above the input level or, con- 
versely, the input level is 24 dB below the output. 

2. A transmission line has an inpvit of 1,200 watts and an 
output of 1.000 watts. What is the dB loss in the line? 

dB = 10 log ^ 



dB = 10 log 



1200 



1000 
dB = 10 log 1.2 
dB= 10(,0792) = 0,792 dB 

Notice that in both examplcH the larger number of the ratio 
was made the numerator of the fraction. This was done to 
simplify the calculations, because then all the ratios are larger 
than 1, giving positive logarithms in all cases. 

The subject of decibels is useful in a study of amplifiers, 
since they ate quite often used in describing amplifier gain or 
loss. However, they can be applied to microphones, recorders, 
transmitters, filters, attenuation networks, transmission lines, 
or any other signal-handling device. 

Zero level 

Actual output signal levels of various types of equipment 
such as microphones, amplifiers, etc., are often expressed in 
dBs. The dB level is rated against some power level as a zero 
reference. Various zero references have been used, with 6 milli- 
watts probably being the most prevalent. In many usages the 
VU ^volume unit) is preferred instead of the decibel. It is 
exactly the same as the dB except that the VU is always re- 
ferred to a specific Kero- reference level of 1 milliwatt as read 
ficross 600 ohms. When expressing a certain number of deci- 
bels we are not sure what the zero level is unless it is specified. 
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Solving a problem involving the aero level is the same as 
already shown except the aero level ia one of the fipurefl in the 
ratio. For exampJe, if zero decibela ia aaaumed to be 6 milli- 
waltfl, what rfb level is 600 milliwatts? 

dE = 10 i«e 5^ 

dB = 10 log 100 

dB =^ 10(2) = +20 dB 

Using the same reference, what is the dB rating for 3 milli- 
watts V 

dB = l01og| 

dB-l01og2 
dB = 10(.30U = -3.01 dB 

In the latter solution we set the larger power as the numer- 
ator of the fraction, but affixed a negative aign to the answer. 
This was necessary because 3 milliwatts is heloiv the zero-dB 
reference level If we invert Uie ratio, an ahown next, the 
answer comes out as a negative number: 

dB = 10 log I 

dB = 10 log ,5 

dB = 10(.6990-1) 

dB ^ 6,&90-10 = -3-01 dB 

What VU level is represented by 6 milliwatts? in this prob- 
Jem aero VU is assumed, as always, to be 1 milliwatt. The 
problem ia set up as follows: 

Vf/ = 10log^ 

rf; = ioioe| 

VU = 10(.77m=7.7S2VU 



Inverse Problems 

The same formulas are used for solving inverse dE proiv 
lema — -that is. when the dB level and one signal level are given 



and we muat find the other level. Such solutions all follow a 
definite pattern, as shown in the next problem, 

Ad amplifier output-signal voltage is GO volts and the stage 
raises the signal level by 16 dB. What ia the input signal? 



dB = 20 log 



15 = 20 log ^ 



Dividing both sides by 20: 
Then: 

-75 = log 

Taking the antOog of both sides: 



60 



5.^2E, ^ 60 



60 
5,62 



= 10.68 volU 



The steps are as follows : 

1. Substitute the known valuca into the proper dB formula, 
using 20 as a multiplier for voltage or currentn and 10 as 
a multiplier for power. 

2. Divide both sides of the equation by either 10 or 20. 
whichever is used. 

3. Take the antiloj^ of both aides. 

4. Solve the equation by the methods described in Chap- 
ter 3, 

Let's try another problem, using this outline. The numbers 
of the va.rious lines correspond to the previous step numbers, 
A transmitter output ia increased by 20 dB, the original out- 
put being 100 watts. What is the new level? 



dB = 10 log ^ 



I. 20 = 10 log 



Pj_ 
100 
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in 



2. 

3, 
4. 



2,0 = log 1^ 
= 10.000 watt3 



Successive Stages 

Dtdbals are additive (or subtractive) when applied to suc- 
cessive stages. Consider the block diagram of Figure 9-4, where 
the output of the microphone is -50 dB and the volume con- 
trol loss is 5 dB, leaving an input to the preamp. of -5B dB- 
The preamp gain ia 35 dB. so its output is at a -20 dB-tevel, 
while the amplifier adds 25 dB, making its output 4-& dB. This 



-^1 





h 








-a a 





Fr^ure 4-4, BIdcI( diogrom of an amplifier, ihow^ng 
dB loiUl and gaknl. 

makes the total dB gain, from microphone to amplifier output, 
56 dB (35 + 25 - 5)- Successive voltage gains, however* are 
multiplied as shown previously, 3o are different from dBa in 
that respect. 

What is the combined voltage gain of the two amplifiers of 
the previous problem? 

Since both stages have a total dB gain of 60. the problem 
is set up with gain (.4,) being the ratio between the two 
voltages. 

dB ^ 20 log^.. 
GO = 20 log -4, 
3 = log A„ 

A, = 1,000 



Takinsr the antilog : 



So the total voltage gain is 1,000, corresponding to a dB 
gain of GO. 



CHAPTCA Ifi 



BOOK REVIEW QUIZ 



TJ Stat? the rule ftjr ciinvcrtiinr n niimher larger than I to iti> urlfntiflc 
notation form. 

2, Stale the rgle for converting a number anjflljpr thnn 1 to its scientific 
notation form. 

ExpreBB each of the fDllowin^ numbers in flcientiflc natation fornix 
n. 2S5 

c. S,BDO,000 

d. 0-0<ra<l{i4 

In problemE 4 through B, expruss a\] anfiwern an numbers iretween 1 
and ID, multiplied by a power of 10. 

5. 1.2 X lD'-2.fl X I0" = 

B. 194£ X 10'* X 0.05I& X 10" = 



1. \/640,O0fl - 

9. Convert 5 megahertz to kilohertE. 
fOl Convert 2,fi microfaradd to pitiufnrada. 



a- (i-y) lx- + y') = 

*. Factor 9 aV IB 

«y + IB := 2y + 7. SoIve for y. 

^ A^^T Solve for L, 

A + L 

7- \^A^=4 Solve for A. 
B. P ^ Solve for E, 
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1- What IE the effect on the current in a Sflriesi circuit if the volta^ is 
doubled and the ra"^i3t4ince halvtcH What if the voltage is tripled and 
the re^i^tanci? is triple? 

2r A ^O*ohm re^iL^tor tthd an SO-^hm resistor arc in parallel across a H4- 
volt <iourccH What current ifl drawn from the source? 

3. What \s the totil current in the circuit of Fipure 10>17 What Is the 
currant through Rl ? 




Figure 10-T, Circuit fur Qutition 3^ 



4^ Th« rraietance of a circuit la haJvcd. Whitt la the effect on power if 
the voltage rem^inB the same? 

5. Thf! voltfige applied to a circuit ie doubled. What effect doe5 this have 
on the pci^ver d[:3sipated? 

ti. A r^raistor has lb volta across it and a current of itA through it^ 
How mu<!h power muat it diMipat*? 

7^ A heatin;;r device ia rated at 120 voltfi and has fi resistance of 20 obme^ 
What !s its power dissipation? 

S. Tv:o SOO-ohm, ID-watl resistora are connected in parallflL What is the 
total power-disdipation capability of the circuit? 

CHApnn 4 

1, What 16 the resistance of a copper wire that has a len^Ttfa of 30 feet 
and a diameter of 15 milaT 

A conductor has a resiatanc^ of ohms. If the length is doubled and 
the diameter halved, what is ita new resistance? 

'ir if the diameter of a conductor is tripled^ how is the r«ai4tan» 
affected? 

4, What is the total resistance of five 20QQ*ohm reaiptors connected in 
paraUel? 

A parallel combination of resistors is made up of a 50-ohmp a 15l>-ahm^ 
and a liOO-ohm resietorn What XiW realatance of the combination? 

fir Two parallel resistorj havu ^ totfll resistance of 750 ohma- One of tho 
restatora js 1000 ohms. What is the value of the other? 



7, Reaifttanccs of 4, 8p snd 12 ohms are connected In pjirall«l. What is the 
total re^iatance? 

8, A circuit haa a r^i^nce of 250 ohms. What is the conductance? 

CHAPTER S 117*^' Y 

L Convert 117 volts rms to peak volli (^^'^ ^ ^/^Hl^f* ^ * 

2. A circuit contains 3 ohms of reaiatancep 7 ohaa of inductive re^cW^c?, 
and 5 ohni& of capacitive reactance. What la the circuit impedance? 
The phase anple? 

3. With 24 voLE^ applied to the circuit of Question 2^ what will th« circuit 
current be? 

4. tn a series RL ctrcuitj the tmpedanee ia 15 ohma mid the inductive 
reactance 10 ohms- Find the value of R. 

5. A ^riea LCR circuit has an impedance of IZ ohmB, a r^i«tanc-e of 
6 ohma^ and an inductive reactance of 3 ohmfi. What is the capacitW^ 
reactance? 

G, A ^-branch parallel circuit has 8 ohms of reatstance* 12 ohma of in- 
ductive reactance, and fl ohms of cspacitive reactwict What is the 
impedance of the circuit? 

7. What ie the phase angle in the eircuit of Question C? 

8, If 24 volts is applied tck th*^ circuit, what is the current? 

qHAPTlR A 

I- A bro^dcitsl blation has a carrier frequency of tiSO kilohert?. What 
is its wavelen^h in meters? 

2. What is the wavelength in feet of a 220D kHx signal? 

3. A signal has a wavelonpth of 2 feet^ What is its frequency? 

4. What is the period of a 4-nie^hert2 si^aE? 

5. Each cycle of a certain si^al has a durati£3n of inicroQeconds. 
What IB the frequency? 

6. A si^al hoa a period 25 nanoseconds^. What is the wavelenfi^th in 
centimeters? 

7- The wavelen^h of certain X rays is 3 >; 10 = millimeters. What ia the 
frequen^ry in terahertiV (See list of preAxeu in Chapter 1.) 

L The core permeability of ? 1-henry coij is quadrupled- What is the 
new inductance of the coil? 

2. A SOfl-turn coil has un inductance of 2R0 millihenry^- What i^ the in- 
ductance if the number of turns is increased to 2B£)7 

3. What is the iridijctive reaetimce of a 250-/iU ctiii to a 3DD-kH£ si}fna|7 

4. Three coiIa are connected in series^ with no mutual couplinc- If their 
inductance are 1 henry, &<HI milEihenrySp and 1000 microhenryst what 
\^ the total inductance of the comhination? 
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5. Two coih have A t^tal trtductaticfi of 12 h^rnrya wh^an izonnected feri^a- 
aJditi^ and 8 h^nrys wh^n coniiei:t$d seriMnipposmg. What is the 
mutunl inductance between them? 

fi. The inductive reactance &f a toil is IBDU tihoia and its effective re- 
flutanc? 15 50 ohm^. Whut is its Q? 

7* What ijt the time constant of a circuit c&ntninmc a B-henry coil In 
Aeries with 3000 ohms of reBist^nceT 

Bh a step-dowrt ttttnsformer having n H-to-1 turns ratio is operated -with 
a primary volta^ of 22ii volLi. What is the secondary Voltage? 

CHAPTER a 

L II the distance between the plates of a capacitor 1:^ halved, how will 
thiA afFect the cflpAcitance? 

2. A ^05->i-r capacitor ha^ a reactance of GO ohms to un apphed signal. 
What is the frequency of the fli^al? 

3. At GOO kRi n capAcitor has a reactance of 150 ohms. What Is the 
capacitance? 

4. A l6-ftF capacitor 1^ connected m seri^ with a 4-^¥ unit. What ia the 
total capacitance of the cijrabination? 

5. Three capacitors, 8^ 12, and 10 i^¥, are connected in a^ies. Find the 
total capacitance^ 

fl^ II 300 volts is connected acro^a the series corabination in the preced- 
ing qimtionSi what is th^ vt^lta^e across the 12->if^ t^aphcltor? 

7. Three capacitors having reactance* of 12, 24, and 3C ohma are con- 
nected En paraClelh What ia their total reactance? 

8h Four parallel capacitors of equal capacitance have a total reactance 
of BQ ohms- What ia the reactance of each? 

CHAPTU V 

1. What is the resonant frequency of a aeries circuit consiatint: of an 
inductance of 100 jxH, a capacitance of 300 pFt and a re^siatancc of 
10 ohnia? 

What effect would incredt^ing the resii^tance in Question 1 have on thd 
resonant rrequency? What effect w^auld H have on the Q? 

3. If 100 volts i?^ applied to the circuit described in Question 1, what 
volta^ drops would be developed across R, L, and C? 

4h What valut of capridtancv is needed to resonate with oji inductance 
t]f 200 mH at 000 kHz? 

6. What is the total eEFective reactaneti in the tank circuit of a parallel- 
resonant circuit? 

tin Coi^t^iflerln^ the circuit of Questitin 4 aa a parallel-resonant cir^ruit, 
find iL^ impedance. The parallel resistance equal to 10 ohms. 

?- Stat« the formula for the dB ratio between two volta^d levels. 

What ifi the i«ro reference level for the volume unit (VU( 7 
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